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PREFACE. 

The title of this little work indicates its chief 
features, but does not cover its ground com- 
pletely. Its first object was to communicate 
a series of aids to precision in the use of 
prisms, worked out during several years, 
which it is hoped will be of some service 
in this difficult by-way of ophthalmic practice. 
They have, however, been introduced by 
a sketch of the simplest properties of prisms, 
and supplemented by a brief account of their 
chief clinical uses. For the sake of brevity, 
results are given rather than the geometrical 
processes by which they were obtained, 
while the mathematical formulae are either 
suppressed or relegated to foot-notes. 
When possible, home-made appliances are 
suggested in preference to expensive appar- 
atus. Some failure in prescribing prismatic 
spectacles and combinations has perhaps 
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iv PREFACE. 

arisen, in the past, from the lack of precise 
methods and tables to work by ; encouraging 
exceptions must stimulate the desire to 
extend their number, but it will not be sup- 
posed that the precision aimed at in these 
pages is necessary in the majority of refraction 
cases. It is chiefly anomalies of convergence^ 
faulty tendencies of the ocular muscles, and 
the needs of the increasing neurasthenic class 
of patients that are kept in view. In these 
last cases, spectacles cause discomfort, how- 
ever perfectly refraction may be corrected, 
unless the lenses are also suitably placed in 
respect of convergence, and sometimes even 
then, for a time. 

Part of the manuscript was kindly read 
over by my friend. Dr. Poulett Wells, to 
whom I am indebted for one or two valuable 
corrections, and, indeed, for suggesting the 
need of a book on prisms. 

Julyy 1889. 
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Part I.— PRISMS. 

A.— SIMPLEST PROPERTIES OF PRISMS. 
I.— GEOMETRICAL PROPERTIES. 

TN Ophthalmology, as in Optics, the 
"^ essential thought of a *' prism" is a 
wedge of transparent material, having at 
least two plane faces parted by an angle. 

This angle may be of any size, and is 
spoken of as the ** angle of refraction,'' 




c 

Fig. I. — A rectangular prism. 

In Fig. I we see the prominent features 
of a rectangular prism — the kind most 
commonly used by students of optics. The 
''refracting angle'' is d a c ; the plane faces, 
a b d e and a b c f are named ** refractino 
surfaces'' and the line a b in which they 
meet, or would meet if prolonged, is called 
the ''edge," 
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The sections a d c and b e f being 
made in planes perpendicular to the refract- 
ing surfaces, are named ^^ principal sections " 
The remaining surface d c e / is the ''base.'' 




Fig. 2. — The same prism in section. 

When prisms are designated " square/* 
"rectangular," *' circular," and so forth, it is 
of course understood that these expressions 
do not, as indeed they could not, apply to 
the angle of the wedge, but to the shape of 
the two refracting surfaces. Clinical prisms 
are almost universally circular to admit of 
their insertion in the same trial-frame as the 
lenses : the design in Fig, 3 shews how a 
circular prism is related to, as though it were 
cut out of, a rectangular one. 



Fig. 3. — A hypothetical illustration to shew the relation of a 
circular prism to a rectangular one. 
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Ft!{. 4. — A circular prisin. 
2.— OPTICAL PROPERTIES OF PRISMS. 

When rays of light traverse a prism they 
undergo '' refraction," by which they are bent 
from their previous course and emerge in a 
new direction. In Fig. 5 this is illustrated. 




~s^ 



■c * 

Fig, 5. — Refraction through a prism. Incident ray e ; emergent 
ray /; incident ray. in opposite direction h ; emergent ray g. 

An ** incident ray " (e) is seen to impinge on 
the face A C but here in passing out of the 
less refracting medium — air — into the more 
refracting medium — glass — it is bent towards 
the dotted line ;/, which, being perpendicular 
to the surface, is called the ** normal." 

The ray, after traversing the prism, emerges 
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lo PRISMS, 

from the other face A B, but since, while 
doing this, it is now again entering the less 
refracting medium, it is bent away from the 
normal, n. The ray thus experiences a double 
deflection, the combined effect of which is 
that it is turned from its previous course 
through an angle about half that by which 
the refracting surfaces are separated. It is 
important to . notice that since the deflec- 
tions take place only at the surfaces, the 
thickness of the prism, or the distance from 
its edge at which it is traversed by the ray, 
does not affect the result, provided the angle 
between the surfaces remains unchanged. 
Thus in the figure, the rays g k and e f are 
equally deflected, though the former is much 
nearer the edge of the prism than the latter : 
the greater the angle (B A C) between the 
faces, the greater is the deflection of both 
rays.* 

Minimum Deviation. — When the points 
of incidence and emergence of a given ray 
are equi-distant from the edge of the prism, 

♦ For the index of refraction, the law of sines, etc., the 
reader is referred to the text-books. Their study is not 
essential for our subject. 
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as in the figure, the ray is said to traverse 
the prism in the '^direction of minimum 
deviation ;" or, to put it another way, the 
prism is said to be (in reference to the ray) 
in its ** position of minimum deviation.'* By 
this it is meant that the ray under these 
conditions suffers less total deviation than if 
it passed through the prism in any other 
direction.t With weak prisms, however, and 
only slight departures from the ''position of 
symmetry," the difference is so trifling that 
it may be neglected in ophthalmic practice. 

Dispersion. — By dispersion, or ''chromatic 
aberration," is meant the breaking up of light 
into its constituent colours. It is a property 
possessed in greater or less degree by all 
prisms, since the differently coloured rays^ 
being unequally refrangible, are deflected 

t This is beautifully defined, in an experimental way, by 
Deschanel : " When a beam of sunlight in a dark room is 
transmitted through a prism, it will be found, on rotating 
the prism about its axis, that there is a certain mean position 
which gives smaller deviation of the transmitted light than 
positions on either side of it : and that when the prism is in 
this position, a small rotation of it has no sensible effect on 
the amount of deviation. The position determined experi- 
mentally by these conditions, and known as the position of 
minimum deviation, is the position in which the ray passes 
symmetrfcally." 
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12 PRISMS, 

through different angles, the violet rays (or 
more correctly the lavender, if they are really 
part of the spectrum) experiencing the 
greatest deflection, and the red the least, 
while the paths of the rays of intermediate 
colours are spread out between these two 
extremes. The whole solar spectrum can 
thus be received upon a white screen arranged 
to- intercept a pencil of light which has 
traversed a strong prism. This property of 
dispersion, so valuable in spectrum analysis, 
and to which also are due the various tints of 
dawn and sunset, is a serious disadvantage 
in the ophthalmological use of prisms, from 
the coloured margins it appears to give to 
objects, and the want of definition it occasions, 
just in proportion to the strength of the prism 
used. 

It is only fairly weak prisms, therefore, 
that can be clinically employed with much 
advantage. The dispersive power of crown 
glass is so much less than of flint glass that 
it is invariably employed for clinical purposes. 
Achromatic prisms can be made by cementing 
together two prisms, one of crown, the other 
of flint glass, with the apex of one to the base 
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of the Other, since the ratio between the 
refractive and dispersive power is different 
in the two kinds of glass.* But though 
suggested long ago, such combinations have 
been precluded by their weight from clinical 
use. 

3.— CLINICAL PROPERTIES OF PRISMS. 

The only clinical use of prisms is to change 
the direction of the rays of light, but this is 
fruitful in its secondary applications. They 
always produce an optical illusion ; in other 
words, they make objects appear in a different 
position from that which they actually occupy. 

Clinical prisms,- as we have seen, are 
generally circular ; their thinnest point is 
called the '' apex," and their thickest part 
the **base." 

An imaginary line between the apex and 
base is called, for convenience, the ''base-apex 
line!' All objects viewed through a prism 
appear displaced in a direction parallel to this 



'•' The dispersive power of crown glass is to that of flint 
glass as 33 to 52 ; whereas the refractive power is about as 
31 to 32, though it varies greatly with different specimens^ 
and must be determined for each. 
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line, and always towards the edgCy by which is 
meant the line in which the two plane surfaces 
would, if prolonged, meet. It is customary 
to say that objects appear displaced towards 
the apex, an expression which, if a little 
less correct, is still very convenient, provided 
it is not misunderstood. The accompanying 
diagram {Fig, 6) will make it clear, and a 
b 




Fig. 6. — To shew how an object at appears displaced, not in 

the direction d towards the apex a, tut in the direction e towards 

the edge b r, and parallel to the ** base-apex line," af, 

glance back to Fig, 3 may assist in under- 
standing what is meant by the ''edge," for 
since the refracting surfaces of the rectangular 
prism are extensions of those of the circular 
one (supposing the latter to be in place) the 
line in which they meet is the *'edge" of 
both prisms. Thus, to give an experimental 
example, if we look at a vertical line on 
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THEIR SIMPLEST PROPERTIES. 15 

the wall, 2.S x^ X m Fig, 7, through a prism 



I^^S* 7- — To shew the apparent displacement of lines through a 
prism. 

held several inches from the eye, with its 
apex at a, we observe that the part of 
the line seen through the prism appears 
displaced towards its edge. The reason is 
apparent from a glance at Fig. 5 (on p. 9), 
where the ray h g from an object at k is 
deflected by the prism towards its base, so 
that it appears to come from k ; or, in other 
words, it enters the eye in a direction as if 
it came from ky so that the object is mentally 
projected there. Since the refracting surfaces 
of any prism are of necessity inclined to each 
other by the same angle in every part of their 
area, it follows that the apparent displacement 
of an object is equally great, through whatever 
part of the prism it is viewed. Thus in 
Fig. 7 the lines x x and y y appear equally 
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displaced. By this property prisms may be 
at once distinguished from lenses, or combina- 
tions of lenses and prisms. With a lens» lines 
viewed through different sides of its optical 
centre appear displaced in opposite directions ; 
with a concave lens, both lines appear de- 
flected towards the centre, and with a convex 
one both away from it. As regards direction 
of displacement, the edge of a convex lens is 
well known to act like a prism with its edge 
outwards, while that of a concave lens acts 
like a prism with its edge inwards, though in 
each case the degree of displacement increases 
with each approach from the centre to the 
edge. By viewing a distant line through an 
unknown lens, hard by its edge, and opposing 
to it lens after lens from the trial case till the 
line appears unbroken, the strength of the 
unknown lens can be determined to within 
a quarter of a dioptre, and the same principle 
is utilised in the now general practice of 
viewing some object through a moving lens, 
to observe whether the apparent movement 
of the object is with or contrary to that of 
the lens, which in the former event is con- 
cave, and in the latter convex. 
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THEIR SIMPLEST PROPERTIES, 17 

To return to prisms, we have seen that 
they appear to displace objects in the direc- 
tion of their edge. Since an eye tends to 
be diverted towards the (apparently) new 
position of the object, it follows that the 
line of fixation is also displaced towards 
the edgey and in working with prisms these 
two clinical properties are all that need be 
remembered. Fig. 8 illustrates both : a 




Fig, 8. — A prism before an eye, in monocular vision. 

prism is placed before one eye, the other 
being covered, and it is evident that the object 
O appears displaced to Fy and the line of fix- 
ation V is diverted from O to i% — both in the 
direction of the apex a. The line F C\n 
which the false image lies is called the '* line 
of projection," since it marks the direction in 
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which the picture on the retina is mentally 
projected. 

With binocular vision, as in Figs. 9 to 12, 
the conditions are not quite so simple. In 
all these figures the ruled lines shew the 
actual course of the rays from the object (9, 
and the dotted lines are the lines of projec- 
tion. They almost explain themselves : in 
all it will be seen that the object appears 
displaced towards the edge of the prism, 
though in some {Figs. 9 and 10) there is 





Ftg-s. 9 and lO. — Prisms not overcome, and therefore causing 
diplopia. 

diplopia, since the object is seen in its true 
position O by the unclad eye at the same 
time that its false image F is seen by the other 
in the direction of the edge of the prism. 
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which is directed inwards in Fig. 9, and 
outwards in Fig. 10. In Figs. 11 and 12 

P 



T^V\ 





Figs, II and 12. — Prisms overcome; no diplopia. 

there is no diplopia ; it has been corrected by 
the desire for single vision, and the two 
images are fused into one. Still, the united 
image appears in a false position, though the 
angular displacement of the line of pro- 
jection p p, is only half that in the 
previous examples. The diplopia is corrected 
by a rotation of the eye so as to receive 
again upon its fovea centralis the picture of 
the object which the prism had dislodged to 
another part of the retina ; thus in these two 
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figures the line of fixation v C, has come to be 
in line with the rays of light coming through 
the prism from the object, and since both 
eyes receive a picture on the fovea, vision is 
single. In Figs. 9 and 10 there is no definite 
line of fixation for the right eye, since it is 
fixing nothing, and it is clear that the picture 
must fall on the retina away from the fovea, 
though with every effort to unite the images 
and bring the axis of vision v C, into the line 
of the rays, the position of the picture on the 
retina will vary, and the images will move 
towards or from each other. 

Prisms set with their edge inwards as in 
Figs. 8, 9, and 11, are called adducting 
prisms, and those with their edge outwards 
as in Figs. 10 and 12, are called abducting 
prisms. The former, when vision is binocular 
and without diplopia, by increasing the neces- 
sary convergence of the eyes, make objects 
appear nearer than they actually are, and the 
latter make them appear too far away. Thus 
in Fig. 1 1 the real object O, appears to be at 
/, where the two lines of fixation intersect.* 

* Exceptions to this I have pointed out in Journal of 
Anat. and Phys. vol. 21, p. 21, but it is not desirable to 
enlarge on it here, or to enter deeply into the physiology of 
convergence, which would need a book to itself. 
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As Hering has shewn, convergence occurs as 
if for the cross and both eyes are turned 
towards / by an impulse of the conjugate 
innervation which turns the two eyes to the 
left : it is the mental cognizance of this effort 
which imparts corresponding obliquity to the 
line of projection,/ p. The prism, therefore, 
does not test the strength of either rectus, 
since convergence is a single action affecting 
both eyes equally, but it estimates by how 
much convergence can be made to exceed 
accommodation, or vice versa. The two 
functions are so confederate that there are 
limits to the amount by which either can be 
increased or diminished without the other. * 
Prisms should be placed as close as possible 
to the eye, then their angles of deviation 
nearly express the diplopia, or corrective 
squint, they occasion, or the sum of both if 
both are present. 

One of three events therefore may happen 
on placing a prism before an eye. (i), If 
vision is monocular, one false image is seen, 
whose distance from the actual position of 
the object is unvarying, and dependent en- 
tirely on the deviating angle of the prism. 
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Fig. 8. (2), With binocular vision the 
prism may be too strong to be overcome, in 
which case there is diplopia with an inconstant 
distance between the images, which approach 
each other spasmodically with every effort to 
overcome the prism. (3), The diplopia may 
be overcome and the object appear single, 
though its position in space is misjudged 
through an angle practically equivalent to 
half the deviating angle of the prism. 

B.— MARKING THE APEX. 

Circular prisms, as usually sold, have their 
apex and base indicated by a slight scratch 
from a diamond. It is to be feared, as we 
shall see, that experimental work with prisms 
has hitherto been frequently vitiated by the 
prevalent inaccuracy in marking the apex — 
a defect to which, as far as I am aware, 
no attention has yet been called. An 
obvious consequence of inaccurate marking is 
that prisms may not be quite squarely set in 
the trial-frame ; yet the slightest departure 
from precision in this particular alters the 
experiment. For example, if it be desired to 
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set a prism of 1 5° d, with its edge exactly in 
or out, an aberration of the base-apex line 
through only a ninetieth part of a circle has 
the effect of not only lessening in a trifling 
degree the desired horizontal deflection which 
it is the aim of the prism to produce, but also 
of introducing a new and unsuspected vertical 
deflection of more than i "^ . This is shewn 
in Fig, 13, where the actual flames?, appears 




Fiv. 13. Shewing the effect of setting a prism by a wrong mark. 
The marked apex is towards b^ and the true apex is towards «, so 
that the flame 0, which should appear at ^, appears at a, 

displaced to a instead oi b\ — the true 
base-apex line being a, though the prism 
is marked as if it were b ; hence a 6 is 
the angle of error in setting the prism. At 
twelve feet distant the flame would appear 
more than two and a half inches higher than 
it really is.^ Now it is well known that 

*The unsuspected vertical deflection of a ray of light by a 
prism whose base-apex line is supposed to be horizontal, or 
the unsuspected horizontal deflection by a prism whose base- 
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vertical diplopia greatly embarrasses the 
neuromotor apparatus, and in some persons 
it cannot be overcome at all when greater 
than one degree, so the prism in the previous 
experiment may be put down with the verdict 
that it is too strong to be overcome, when 
really it is the concomitant accidental vertical 
diplopia created by it which cannot be 
overcome, or at least the effect of which 
vitiates the experiment. 

If any surgeon will take the trouble to test 
the marks upon his own prisms he will find 
how frequently they are misplaced ; the test 
can be easily made by the following simple 
device. Draw upon a sheet of paper two fine 
straight lines intersecting each other exactly at 
right angles as in Fig. 14, and hold the prism 
vertically above them so that on closing one 
eye the supposed apex apparently coincides 
with the point of intersection of the lines, and 
the prism only appears to touch the horizontal 
line at that point, and does not in the least 

apex line is supposed to be vertical, may be found in any 
particular case, by the following formula, sin, x = sin, D + 
sin, r; where ;ris the angle required, Z> is the deviating angle 
of the prism, and r the angle of accidental rotation from 
exact rectitude. 
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overlap it on either side. If the prism is 
correctly marked, the vertical line appears 
unbroken as in Fig, 14, but if not, the part of 
the line seen through the prism appears 





Fig, 14, Mode described for Fig. 15. Appearance with a 
testing the apex of a prism. badly marked prism. 

disjointed from the rest, and displaced as in 
Fig. 15, towards the side of the real apex. It 
only remains to rotate the prism till the 
unbroken appearance of Fig. 1 4 is gained ; 
then the point on the prism's edge in apparent 
coincidence with the point of intersection of 
the lines may be regarded with confidence as 
the real apex. The cross lines can be per- 
manently provided on a large card suspended 
upon the wall of the consulting room in 
connection with that for testing the deviating 
angle, and they will be found useful for many 
purposes. For opticians it is suggested to 
have a diamond half embedded in a plate of 
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glass fixed horizontally above cross-lines 
similar to those already employed, or merely 
above one vertical line if the horizontal one 
be graven on the glass. The diamond would 
be brought in correspondence with the point 
of intersection of the lines, so that after finding 
the apex a slight push of the prism would 
mark its true position. 

A still better form of the apparatus would 
be one with two shoulders cemented on 
the glass plate, to grip the edges of the 
prism instead of using a horizontal line, and 
to have the diamond held in a sliding arm 
to make a perfectly straight scratch. Greater 
distance of the prism from the vertical line 
magnifies the phenomenon, and makes the 
test more delicate. The true base of a prism 
can be found and marked in just the same 
way as the apex, and if prisms thus manu- 
factured come into use, one of the many 
causes of experimental inaccuracy will be 
removed. 
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C— PRISMETRY* 
For measuring the refracting angle of a 
prism (that is, it will be remembered, the angle 
by which its refracting surfaces are parted), 
several instruments exist already, named 
Goniometers,t of which it is easy to make 

* This name will be given to the measurement of the 
deviating angle of prisms ; that of Goniometry being already 
applied to the measurement of their physical angles. 

t A home-made Goniometer for clinical prisms can be 
easily made by mounting a prism-holder (a lens-holder will 
do) by a pivot on the centre of a small circular dial of wood ; 
a long-hand of a clock is fixed to the upright pivot of the 
prism-holder, and the dial is graduated with degrees, or 
simply fitted with a common protractor as found in any box 
of mathematical instruments. The procedure is as follows : 
Place the prism to be tested in the holder, with base-apex 
line horizontal, and support the whole instrument on a table 
or stand opposite the window. Now set the indicating 
clock-hand at zero of the scale, and rotate the dial itself 
till a vertical sash of the window, as seen reflected from one 
face of the prism, appears (to an eye placed between the 
prism and the window, but lower than the former,) exactly 
to coincide with a chosen spot or line on the opposite wall. 
Now, leave the dial in statu quoy but rotate the clock- 
hand till the same window-sash is seen reflected from the 
other face of the prism, and is brought in line as before with 
the other two points. The index-hand will now be found 
pointing to the degree on the scale which describes the 
refracting angle. The only precaution necessary is to be 
sure that the observer's eye occupies the same position in 
making the two observations. Another way to measure the 
refracting angle is to adapt the legs of a pair of compasses 
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an adaptation suitable for ophthalmological 
prisms. But these acquaint us only with the 
geometrical — not with the optical properties 
of prisms ; what the surgeon needs alone to 
know is not their refracting angle, but their 
deviating power over a beam of light. It 
has been noticed already that this ** angle of 
deviation" is in each case about half the 
angle of refraction — with weak prisms rather 
less, and with strong ones rather more, than 
half (DoNDERs), — but apart from this differ- 
ence, and from the uncertainty of always 
in practice ensuring the exact position of 
minimum deviation, the refractive index of 

to the two faces of the prism, then either use a protractor, 
or measure the distance between the points of the legs, by 
placing them on a millimetre rule. If the length of the legs 
is known, the angle required is found by dividing the length 
of the legs by half the distance between their points, and 
doubling the angle of which this is the sine. But the dial 
mode first described, or that with the protractor, needs no 
calculation. Having thus, by one or other way, measured 
the refracting angle A^ we may measure the deviating angle 
Z>, by one of the modes given in the text, and then ascertain 
the refractive index of the glass of which the prism is com- 
posed by dividing the sine of half the sum of the two angles 
by the sine of half the refracting angle. 
.;« A + D 



Thus : At = 



A 

2 
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different specimens of crown glass varies so 
much that, as Bonders* truly observed of the 
angles of deviation, "If we wish to know 
these accurately, it is necessary to determine 
the deviations for each glass separately." 
To do this with certainty and ease two 
simple methods were contrived some years ago, 
one most suitable for the student or surgeon, 
the other for the optician. The first can be 
made without expense, and employed without 
artificial light. It consists simply of a strip 
of cardboard suspended horizontally near the 
right-hand corner of a consulting-room wall, 
and at such a height from the floor as to be 
about level with the eyes of the observer. 
On the wall adjacent to that on which the 
cardboard is hung, and which enters into its 
right-hand corner, a permanent mark is made 
at the distance most generally convenient for 
making the observations. The card itself is 
marked, as in Fig. 16, in degreest for this 

* "Accommodation and Refraction of the Eye " (Sydenham 
Society, p. 132). 

t Really, of course, in tangents of degrees. A paper scale 
of this kind was affixed in May, 1886, to the wall of Messrs- 
Pickard and Curry's workshop, having been sent them by 
the author for measuring the deviating angles of their prisms. 
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distance. All that is necessary to measure 




Fig, i6. The author's first mode of prismetry. 

the deviating power of a prism is to hold it 
opposite the already mentioned mark on the 
wall* with its apex to the left, and so that its 
upper border appears just beneath the line of 
degrees as in the figure. The vertical border 
of the card appears necessarily displaced 
towards the edge, and points upwards to the 
number which expresses in degrees, at once and 
without calculation, the required deflecting 
angle of the prism. In the figure this is seen 
to be 3^. One precaution alone needs to be 
observed ; if the lower edge of the cardboard 
seen through the prism appears disjointed 
from the level of the rest, as in Fig. 1 7, the apex 
of the prism is not pointing exactly to the 
left, but is either too high or too low, according 
as that part of the broken line seen through 

* The distance of the observer's eye behind the prism 
does not affect the result in any way. 
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the prism is above or below the remainder. 

r7^ W' T" 4^ Y' ^ 




Fig. 17. A prism not held truly. 

A slight rotation is therefore necessary to 
correct this, till the lower border of the 
card-board appears at one level, as in 
Fig. 16. 

The distances between the degrees of the 
card depend, of course, on the chosen distance 
at which it is found most convenient to hold 
the prism, and this would depend on the size 
of the room and other conditions. The 
distance of the observer's eye from the prism 
is of no consequence ; any student can easily 
mark a piece of cardboard for himself from 
the accompanying table which gives the 
distances from the right-hand border of the 
card at which the several degrees are to be 
marked upon it, assuming the prism to be 
held at a uniform distance of six feet (first 
column), or two metres (second column). 
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TABLE I. 



For marking a card in tangents of degrees at 6 ft. (column A) ; | 


or 2 metres (column B). 








A 


B 




A 


B 


I.*^ 


1*25 in. 


3*49 cm. 


9" 


11*4 in. 


31*29 cm. 


2*^ 


2-5 « 


6-98 „ 


10^ 


12-6 „ 


34*73 „ 


^l 


37 „ 


10-467 „ 


11*^ 


i4*o „ 


38*16 „ 


4^ 


I'o „ 


13-95 „ 


12^ 


15*3 „ 


41*58 „ 


5^ 


6-3 „ 


17*43 „ 


13^ 


i6-6 „ 


44*99 » 


6^ 


7*57 „ 


20-9 „ 


14^ 


17*9 » 


48-38 ,. 


7^ 


8-84 „ 


24*37 ,, 


15^ 


19*3 n 


51*76 „ 


8^ 


IO-I2 „ 


27*83 „ 


16^ 


20-64 „ 


55*13 „ 



For a different range, the measurements 
would of course differ in proportion ; thus, 
should it be decided to always hold the prism 
at 3 feet, the distances would be half as 
great as in the table ; if at 12 feet, twice 
as great. It is clearly an advantage, when a 
patient enters with prismatic spectacles, for 
the surgeon to be able to ascertain their 
strength without calculation or artificial light ; 
and such spectacles will no doubt come into 
more frequent use, since convergence is be- 
coming more precisely studied. 

The second method affords a much prettier 
demonstration of the deviating angle of prisms, 
but needs a more definite illumination than 
diffused daylight. It consists of a strip of 
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wood, as in Fig. 1 8, laid flat on a table or coun- 




Fig. 1 8. Second mode of prismetry. 

ter with a shorter strip by fixed at right angles 
to itS' further end in such wise that while 
horizontal in its length its plane is vertical. 
Upon the longer strip a cylindrical lens Cy 
is fixed erect, with its axis vertical, so as to 
throw a line of light from the gas flame g 
upon the strip b, which is marked in degrees* 
so that a prism held before the cylinder Cy 
with its base-apex line horizontal, at once 
makes the bright line move to that degree 
which indicates the deviating angle. The 
flame can either be fixed to the main strip or 
be quite separate, and it is well, if the light is 

* Strictly speaking, " in tangents of degrees." 
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poor, to combine with the cylindrical lens a 
spherical one of such strength that the source 
of light shall be at its principal focus.* 

An important proposal has been made by 
Dr. Edward Jackson, of Philadelphia, that 
all ophthalmological prisms should be marked 
with the angle by which they deviate rays of 
light, and, in consequence, it was recom- 
mended by a committee of the American 
Ophthalmological Society in September of 
the year 1888, that : 

• A modification in this method was suggested by Messrs. 
Pickard and Curry (to whom it was given about tlie same 
time as the other), viz. : to curve the graduated scale into 
an arc, in order to save the calculation of tangents in its 
manufacture. The following footnote appeared in an essay 
at the time : " Since the only clinical use of prisms is to 
deflect the rays of light which traverse them, and since the 
index of refraction varies with the different specimens of 
glass, the usual method of marking prisms is not very satis- 
factory for exact purposes. After consultation with Messrs. 
Pickard and Curry, they have now a quick method of 
testing the declinating angle of their prisms" (Journal of 
Anatomy and Phys., Maddox, Oct., 1886, p. 32). 

It will be seen, however, from this extract, that it was only 
for " exact " (/>. physiological and experimental) purposes 
that the need was thus expressed for the marking of prisms 
with their deviating angles. Dr. Jackson's subsequent pro- 
posal has prominence given to it in the text, because it 
embraces all prisms used in ophthalmology : its acceptance 
by Messrs. Pickard and Curry was due to the energy of Dr. 
Landolt, last year. 
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(i,) Prisms ought to be designated by the 
number of degrees, "minimum deviation," 
they produce. 

(2,) Where intervals of less than one 
degree are desired, half degrees and quarter 
degrees should be used. 

(3,) To indicate that degrees of deviation 
are meant, the letter ^.should be used; thus 
prism 2^d will indicate a prism that produces 
a minimum of two degrees. 

The committee consisted of Drs. E. Jack- 
son, S. M. Burnett, and H. D. Noyes, and 
their decision was conveyed by Dr. Landolt 
to the Heidelberg Congress in the same year. 

It is almost certain, therefore, that prisms 
thus marked will soon come into general use. 
and they will greatly simplify calculation. 

Possibly, however, if I may be allowed to 
suggest it, a still better plan would be to have 
all prisms marked with metre angles and 
their fractions, so as to correspond with 
lenses in the trial case, a metre angle being 
the chosen unit of convergence just as a dioptre 
is that of accommodation. The only disad- 
vantage is that the metre angle is an 
inconstant quantity. It is the angle by which 
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each eye has converged from direct par- 
allelism while fixing a point in the median line 
at the distance of one metre. Its size, there- 
fore, depends on the distance of the centre of 
rotation of the eye from the median plane, for 
it is this line which subtends the angle. Its 
average in adults is taken by Nagel as i° 50'. 
It is useful to have a scale, as in Fig. 16, 
marked in metre angles according to this 
average, as well as a scale marked in degrees, 
so that by holding any prism up to view, its 
strength in either unit can be seen without 
calculation. 

In Table II the measurements are given 
by which such a scale can be made by anyone 
for himself, on a strip of paper or cardboard. 
TABLE II. 



For marking a card to be used at the distance of two 


metres, for telling the strength of a prism in metre 


angles. 


Metre 




Metre 




Angles. 




Angles. 




o*5 m. a. 


3*2 cm. 


5'o 


32*3 cm. 


i-o „ 


6*4 „ 


5*5 


35-6 „ 


1-5 » 


9'6 „ 


60 


38-9 » 


2-0 „ 


12-8 „ 


6-5 


42-2 „ 


2*5 „ 


i6-o „ 


7*o 


45-6 „ 


3-0 „ 


19-3 » 


V 


49*0 „ 


3*5 „ 


22*5 „ 


8-0 


52-3 „ 


4*o „ 


257 ,. 


8-5 


55-8 


4-5 » 


29*0 „ 


9-0 


59'3 » 
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D.— PLANENESS OF SURFACE. 
Little need be said of this, though in buying 
prisms it is well to examine the planeness of 
the important ** refracting surfaces" ; it is often 
very defective, and this slightly contributes to 
the difficulties of using prisms. Moreover, since 
plane faces are rarely ground with the same 
accuracy as spherical ones, it is better when 
combinations of lenses and prisms are pre- 
scribed to have both surfaces spherical instead 
of one spherical and the other plane, except 
when very strong lenses are employed, in. 
which case they are better sometimes plano- 
convex to diminish spherical aberration. 

E.—ADJUSTMENT OF PRISMS IN THE 
TRIAL-FRAME. 

If the apex and base of a circular prism are 
correctly marked, there is no difficulty in 
setting it with the base-apex line either 
exactly vertical or horizontal. But if there 
should be any doubt about their precise 
position, the following simple expedient will 
at once enable us to detect and correct any 
malposition. If the base-apex line is wished 
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to be horizontal as with the right hand prism 
of Fig. 19, hold the trial-frame a few inches 




Fig. 19. Two prisms in a trial-frame. 

from the eyes, so that, as represented in the 
figure, the upper extremities m m m m, oi 
its sockets coincide to all appearance with a 
horizontal line a b c, upon the wall : if this 
line upon the wall appears continuous, the 
prism is correctly set, but if that part of it 
visible through the prism appears disjointed 
from the rest as d in Fig. 19, the apex is 
either too high or too low, according as the 
apparent disjointment is upwards or down- 
wards. In the figure the apex is too high 
and the correction is therefore easily made 
by rotating the prism so as to depress 
the apex till the line appears continuous. If 
the base-apex line is wished to be vertical, as 
with the left hand prism of the same figure 
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the horizontal line on the wall must be sup- 
plemented by another at right angles to it, as 
ef\n the figure: again adjusting the frame as 
before to the horizontal line of sight, the 
rectitude of the prism is now indicated by the 
appearance of the vertical line. If its course 
appears undeviating the setting is faultless, 
but if, as in the figure, the part seen through 
the prism is dissociated from the rest, the apex 
is shewn to be too much to the same side, 
and it therefore needs readjustment. 



F.— TEMPORARY TRIALS. 
Before prescribing prisms or their combi- 
nations, it is well, when practicable, to let the 
patient wear a trial pair at home for a few 
evenings first, for sustained action alone 
affords a true indication of whether they will 
suit. Prisms and lenses can be bound in an 
ordinary trial-frame by a strip of gutta-percha, 




Fig, 20. Rectangular prisms in a frame as suggested in the text. 
This frame may be obtained from Messrs. Pickard and Curry. 
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but as accidental rotation is very apt to occur, 
some other contrivance is desirable when 
prisms alone are in question. Fig, 20 repre- 
sents a device I once suggested* for the 
purpose of holding rectangular prisms, which 
I find can be made quite as cheaply as circular 
ones. The small size of the prisms, while yet 
allowing sufficient lateral range of movenient 
for the eyeballs, would contribute to the 
manifest desideratum of lightness. No time 
is wasted in exact adjustment of the prisms, 
as their shape not only secures a correct 
position at once, but removes any possibility 
of subsequent displacement. Each prism has 
a longitudinal groove in its upper and lower 
surface, so that it need only be pushed in 
between the wires till caught by the elbow. 

So light a frame as this could be worn 
together with an ordinary pair of spectacles, 

* I find since that Mr. Chas. Wray, F.R.C.S., of Croydon, 
has had a somewhat similar frame made with the ad- 
dition of a spirit leveL Dr. Stevens says, " It is my custom 
to keep on hand a large number of spectacle frames of uni- 
form size, and a quantity of plain prism glasses of i*^, 2**, 
and 3% which can be, without loss of time, slipped into the 
frames. With these I am able, in a few moments, to arrange 
temporary prisms for a patient" — (Archives of Oph^ June, 
1888, p. 184.) 
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when it is desired to try for a few evenings 
the joint effect of prismatic and spherical 
glasses. 

These prisms would also be exceedingly 
useful for those cases of paralytic strabismus 
in which partial or complete recovery may be 
expected, and for which prismatic spectacles 
are prescribed. The necessity, if this 
treatment of such cases is to be successful, of 
prescribing weaker prisms as the case im- 
proves (for without this they actually retard 
recovery), makes it desirable to have a set of 
test prisms, a pair of which can be worn for a 
few days or weeks, and be exchanged for 
another pair if they cause discomfort, or when 
they need to be weakened owing to pro- 
gressive recovery. 
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Part 1 1. 
DECENTERING OF LENSES ; 

AND COMBINATIONS OF PRISMS WITH LENSES. 

Instead of combining a prism and a lens, 
where it is wished to obtain the effect of both, 
it is very frequently possible to get the same 
result by simply decentering the lens, a 
process which, though already well known, 
may be simply explained. 

The ** optical centre " of a lens is that point 
in it traversed by all rays which, after entering 
the lens, emerge from it in a direction parallel 
to their former course. * All rays which do 
not traverse the optical centre are bent from 
their former course to a degree which depends 
on the distance from this point, at which they 
pass through the lens — the greater the distance 
the greater the deflection. In other words, a 
lens, in every part other than the optical 
centre, has the effect of a prism upon any 

'•' This one " property " is all that is necessary for our 
present purpose, hence it is mentioned, instead of giving a 
correct definition. See footnote, p. 45. 
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single ray of light, — the effect of a weak 
prism near the optical centre, and of a 
stronger and yet stronger one with every 
further removal from it, and this equally with 
concave as with convex lenses. It is evident, 
therefore, that by shifting a lens so as to 
bring a more peripheral part into use, a 
prismatic effect can be obtained just as much 
as if a prism had been cemented to the lens 
in its former unshifted position. Such dis- 
placement of the optical centre can be effected 
in one of two ways, the prismatic equivalent 
of which is identical, but each of which 
possesses an advantage of its own. First, 
the lens may simply be displaced as it is, rim 
and all, by lengthening or shortening the 
spectacle-frame ; or, secondly, the frame 
remaining unchanged, the lens can be 
decentred in its rim as shewn in Fig, 21. 




Fig, 21. A decentred lens. 
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The dioptric strength, or refraction-correcting 
power, of this lens is exactly the same as that 
shewn in Fig. 22, inasmuch as their surfaces 




Fig. 22. A lens normally centred. 

have the same radius of curvature, but it is 
as though it were cut peripherally, as shewn 
in Fig. 23, from a larger lens c d, so that its 
optical O, and geometrical G, centres do not 
coincide as in an ordinary lens. A brief study 
of Fig. 21, which gives the lens a b, of Fig. 23 




Fig, 23. Peripheric lenses cut out of a larger one. 

in section, will show that the effect of cuttiflg 
it eccentrically out of a larger lens is exactly 



Digitized by VjOOQ IC 



DECENTERING OF LENSES. 45 

the same as if a smaller lens of the same 
strength had been split to admit a prism 
between its two halves. Without altering its 
dioptric power then, a prism has been virtually 
introduced. The geometrical centre of a lens 
is the point midway between all edges, as G 
vciFigs. 21, 22 and 23. The optical centre 
on the other hand, lies between all points* on 
the two opposite surfaces of a lens which are 
parallel to each other and which therefore 
have no more prismatic or deviating effect on 
a ray of light entering by one and emerging 
by the other than a plate of glass would have. 
It is needless to say that it lies in the thickest 
part of a convex lens and the thinnest part of 
a concave one.t For determining its position 
in any particular lens, an apparatus will be 
described further on. A lens is said to be 
normally centred when the optical and 
geometrical centres coincide as in Fig, 22 ; 
but to be decentred when, as in Fig. 21, 

* Strictly, of course, points cannot be parallel, but only the 
tangents to the curve at the points. But the text will be 
easily understood. 

t It lies in the principal axis of a lens, — the line joining 
the two centres of curvature ; and divides the line of centres 
in the ratio of the radii of curvature. 
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the optical centre O, and the geometrical 
centre G, are apart, the amount of decen- 
tration depending on their distance apart. 
The two points may be so far removed from 
each other that the optical centre may come 
to lie outside the lens altogether. Such would 
evidently be the case with the small lens e f 
in Fig. 23, since the optical centre is at O. 
Fig. 24 shews this small lens in section, and 



[> 



Fig. 24. A lens with its optical centre O^ far outside itself. 

it is evident at a glance that opposite surfaces 
are nowhere parallel, and that one or both of 
the surfaces would need to be prolonged 
considerably before any point could be found 
in the one parallel to a point in the other ; 
were this done a line uniting the points would 
pass through the optical centre O. We have 
seen that the effect of decentering a biconvex 
lens is equivalent to splitting it into two 
halves, and inserting a prism between them 
(b a c \n Fig. 21). The strength of this 
virtually interpolated prism depends on, first 
the amount of decentration, and second the 
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dioptric strength of the lens. A strong lens 
needs decentering to a less extent than a weak 
one to produce the same effect. Table III. 
not only illustrates this but enables us to find 
the exact prismatic effect of decentering any 
lens. All that is required is to fix on the 
number of millimetres (in the highest 
horizontal row of figures) by which a lens is 
known to be decentred, and the prismatic 
effect is found in the column beneath, opposite 
the dioptric strength of the lens. Conversely, 
should it be required to know how much to 
decentre a given lens in order to combine 
with it the effect of a certain prism, the eye 
runs along the horizontal line of angles 
opposite the known strength of lens till that 
angle is found nearest to the strength of prism 
required, when the number of mm. at the 
head of the column will indicate the 
decentering necessary. 

The word ** decentering" is generally 
applied to the removal of the optical centre 
away from the geometrical centre of the lens, 
but we have already said that the prismatic 
effect is the same if the whole lens, rim and 
all, be simply displaced, as by lengthening or 



Digitized 



by Google 



^i 


s 






^ 
^ 




8> 




to 


2 


°3 




^ 

s 


g; 


l5 


Ob 


1: 


s s 

1 1? 


s| 


h 


5 


o 


^ 
^ 








3 

So 


a 


2 


a 


?- 
& 




Is 
a 


i 


's 


Is s 

% 1 


s| 


Si 


a 

o 






a 


'5 






2 


W9 




o 




35 

5s 




00 




^i 


's 


o 


o 






5. 




1^ 


2 
So 


1 


^ 
2 


a 




1; 


1 






«i 


5! 


04 

o 


1^ 




§4 


o 




la 


a 

So 


2 


2 

?5 


s 


s. 


^ 
^ 


So 


1 


Is ^ 

1 °^ 


^i 


'S 


s 


2h 


2 


§4 


« 

I 


C4 

o 


S 




So 


2 


a 

o 


l3 


5l 


g. 


Is 


li 1 


4 


'S 


g 


d> 


^ 
^ 














8. 


a 
1 


l5 




^ 
s 


1; 




s| 


s 


'^ 




g 
^ 


& 




00 




^ 
& 




a 

So 


a 


a 

2 


a 
§, 


o 


^ 

& 


s ss 

1; & 


•i 


1 

s 


■* 


s 


o 


O 


5 
g. 


s 
& 






^ 
& 


oo 


a 




2 


h 


13 


& 1; 


-"a 


'n 


^ 


~s 


o 


^ 

o^ 


s 
§, 




5 


3» 

8, 


& 


^ 

& 




2 

So 


a 


2 

o 


s 

s 




S d 


s 


i 


s 




§ 


^ 
§, 


a 


o 






1; 


t 


g. 


2 


2» 




a. ^ 


s| 


1 


's 


« 


2. 


? 


s 
& 




§ 

& 




2> 


s 
& 




ss 


2 

So 




o 




^i 


1 


oo 


■* 




0| 








? 


^ 
^ 




2 


KS 

§. 


a 

So 


2 


2 


Is °s 


4 


s 


^ 


g 


5 


o 


o 


h 

%, 






1^ 


64 


8, 




oo 


So 


k 

& 


U 8 


'"a 


!; 


^ 


s 


2 


o 


o 


00 


2 


s 
& 


S 






8. 


3 

& 


o 




S a 


* a 


1 


s 


^ 


^« 




o 










00 

o 








2 


a 


8. 1 


«a 


^ 


1 


i 

^ 


51 


s 




o 




s, 


a 




00 


g 
^ 






o 


S3 -« 


-i 


Sa 


00 


^ 


^ 


"s 


a 


o 


s^ 




^ 
S 


a 

2 




2 






S. 


rH to 

g- g- 


»i 


O 


1 


s 
s 


CO 


I^ 


O 


1^ 

0| 


5 

o 


s. 




^5 


«0 




o 


00 

o 






a 


00 


s 


t- 


^ 


s 


s 


o 
o 


o 


'9 


%. 




s* 


2 


s 

& 


2 


o 


3» ^ 


4 


- 


o 


3 




1 


qi 


's 


o» 


|5 

2. 






^ 
%, 


00 

2 


^ 
%, 


a 

s» 






4 


u» 


00 


o 




1 


53 


■* 


U3 


o^ 


a 


n 
^ 


2 

o 


0| 




s* 






°* a 




U3 


- 


o 


^ 


1 

B3 


^ 

s 


^ 


■* 


'5 


^ 


^ 

s. 


9> 

o 






o 


S, s. 


-i 


^ 

^ 


1 


1 


2» 


- 


^ 


^ 


t; 




^ 


^s 


S3 


^ 


5! 


5 


-s 






? 


i 


a 




s 


S 


s 


s 


S 


A 


s 


S 


1 


Q 

a 


S 


& 


a 1 



. Pi 



5S 
d o 



^ 3 
^ I 

o 

'i t 
^ I 

I I 



73 3 



- §P 

s 9 o 
^ II 



^5 

al 

si 



t 


B 






^ 


S 


ej 


« 




g 


§• 


^ 




1 



1'i 

si I 

1 1,1 

1 1?: 

I I 
s 1 
i I 



f 

I 

I 



5 

-3 



Digitized by VjOOQIC 



DECENTERING OF LENSES. 49 

shortening the spectacle frame ; in other words, 
it makes no prismatic difference, so long as 
the optical centre is moved, whether the 
geometrical one remains in statu quo, or 
whether it is shifted equally itself. How are 
we then to decide between these rival modes, 
in any given case ? Decentering of any kind 
has the disadvantage of being attended with 
proportionate increase of weight, as much as 
if a prism were inserted : the lens of Fig, 2 1 
is very evidently heavier than that oi Fig. 22. 
This fault is entirely avoided by the alter- 
native of displacing the entire lens (instead 
of only decentering the optical centre in the 
lens), but, on the other hand, such displacing 
entails, beyond certain limits, a limitation of 
the field of binocular fixation. It may there- 
fore be laid down as a practical rule that the 
dislocation of the optical centre should be 
effected by displacing the whole lens, rim and 
all, as much as can be done without interfering 
with the field of binocular fixation,* leaving 
only the remainder (should any more be re- 
quired) to be obtained by decentration proper, 
that is by decentering the lens in its rim. 

* i.e. The range of lateral binocular vision. 

4 



Digitized 



by Google 



so 



PRISMS. 



To take an example, let us suppose it is 
desired to prescribe spectacles such that each 
optical centre is lo mm. nearer to the middlie 
line than the centre of the eye, and we 
have found by the localiser that the centre 
of each eye is 32 mm. from the median 
(sagittal) plane. The effect of limitation of 
the field of binocular fixation must be con- 
sidered for each case, for its inconvenience or 
otherwise depends on the distance of the 
patient's occupation ; but, say that on consi- 
deration, 5 mm. of displacing for each lens is 
all that is advisable ; that will make each 
geometrical centre 27 mm. from the middle 
line, and leave 5 mm. for decentering. 

In prescribing the spectacles, therefore, 
some such form as the following would be used. 





R. 


L. 


Spherical. 


+ 4D 


+ 4 l> 


Cylindrical. 






Geometrical centre. 


27 mm 


27 mm. 


Decentration. 


5 mm. 
inwards. 


5 mm. 
inwards. 
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To make such a pair of lenses the 
optician might first make two larger lenses 
of +4 dioptres, and 10 mm. {ix. twice the 
decentration) wider than the lenses required, 
which would then be cut out peripherically 
as in Fig. 23. But this would involve a 
serious waste of time and labour, since pre- 
cisely the same result may be attained by the 
simpler plan of finding from Table III. the 
prismatic equivalent of the decentering, and 
then proceeding as he is accustomed to do 
when ordered to combine a prism of that 
deviating power, with a lens. He would 
cut the prism required, and then impart to 
its surfaces the required sphericity. Lest 
any confusion should arise here between 
the deviating and refracting angles it will 
be well to repeat, that the angle of refraction 
by which the two surfaces of a prism are 
separated, and by which the workman first 
cuts a prism, is twice the angle of deviation 
which is given in the table, and marked on 
the prismeters. In the example we have 
taken, in which lenses of + 4 d are decentred 
5 mm., a reference to Table III. shews 
that the prismatic equivalent is i"" 10', 
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but this being the deviating angle must 
be doubled to get the angle of refraction, 
which will therefore be 2*" 20'. Two prisms, 
each with their plane surfaces at an angle of 
2° 20' will now be made, and a sphericity of 
+ 4 D be given to each surface. Having thus 
shaped the decentred lenses, the workman 
would next place them in a frame made with 
the centre of each rim 27 mm. from the middle 
of the bridge. The effect of such a pair of 
spectacles on a patient with the centre of each 
pupil 32 mm. distant from the middle line, 
would be the same as if normal lenses of 
+ 4 dioptres, each combined with a prism of 
2^ i8^d were placed exactly in front of the 
two eyes ; as may be easily seen from the 
table ; for 5 mm. of decentering + 5 mm. 
{i.e. 32 — 27) of displacing, give a total of 
10 mm. for the alteration in position of the 
optical centre. Under the heading of 10 mm. 
in the table, opposite 4 d, is found the combined 
prismatic effect, viz. 2^ 18'. With this, of 
course, the optician has nothing to do. 



Digitized by VjOOQ IC 



DECENTERING OF LENSES, 53 

Though it was thought well in passing, to 
give an instance of how a decentred lens 
may be prescribed, a better plan will be to 
mention, not the decentering, but the prism 
equivalent to it. This will save the optician 
all calculation, with the attendant possibility 
of a mistake. 

It will be a simple proceeding for the 
surgeon, after finding the total prismatic effect 
it is desirable to produce, to deduct from it 
the proportion to be attained by displacing 
and set down the rest in the form of a prism 
whose surfaces are to receive the needed 
sphericity. To take a varied illustration, we 
will suppose the lenses to be sphero-cylind- 
rical. If the axis be vertical, the effect of a 
cylinder on convergence is precisely the same 
as that of a spherical lens of the same curva- 
ture, but with each departure from the vertical 
it acts like a weaker spherical lens till with 
axis horizontal its effect is nil. A lens, there- 
fore, of H- 3 D sph., + 2 D cyl. axis vertical, 
would affect convergence like a H- 5 d sph. : 
with axis horizontal it would affect conver- 
gence like a H- 3 D sph. Let us take for an 
example such lenses of + 3 d sph. and H- 2 d 
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cyl., axis vertical, the total effect on conver- 
gence being that of a spherical lens of + 5 d. 
Suppose it is wished to relieve the conver- 
gence of each eye by 2^ for an occupation 
distance of 15 inches. It is decided, let us 
suppose, that 7 mm. of displacing can be 
allowed without interfering with the required 
field of fixation. But 2 mm. out of these 
7 mm. must be deducted as useless for the 
purpose, since they only go to counteract the 
excess of convergence, which lenses placed 
precisely in front of the centres of the eyes 
would occasion in neiar vision, for it is clear 
that the lines of fixation would then traverse 
the lenses internal to their optical centres. 
With habitual vision for 15 inches, we have 
to allow 2 mm. for this reason, and with 
vision for 10 inches we have to allow 3 mm. 
since only if the lenses were 2 mm. or 3 mm. 
respectively, internal to the centre of the eyes, 
would they have no effect on convergence, for 
then only the visual axes would traverse the 
optical centres. This position therefore forms 
the zero, by departing from which in either 
direction the convergence is affected. To 
return to our example, after deducting these 
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2 mm., 5 mm. of effective displacing remain. 
By Table III. we find the prismatic equiva- 
lent of 5 mm. of displacing to be exactly 2°. 
This is all we desired, and there is therefore 
no need for decentering. Had it been desired 
to afford greater relief to convergence, say 
4^, then the remaining 2^ should be prescribed 
as prismatic combination. If the centre of 
each eye be 32 mm. from the middle line, 
then this, less the total 7 mm. of displacing, 
would make the geometrical centre 25 mm. 
from the middle of the bridge, and it would 
stand thus : — 





R. 


L. 


Spherical. 


+ 3 D 


+ 3 D 


Cylindrical. 


+ 2 D 

axis vert. 


J + 2 D 

} axis vert. 


Geometrical centre. 


25 mm. 


25 mm. 


Prismatic. 


UM2M) 
\ edge out. 


14M2M) 
1 edge out. 



The optician should understand that the 
new marking is intended whenever the letter 
**d" is appended. In this case, therefore, 
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he would cut two prisms, each with an angle 
of refraction of 4°, and impart to one surface 
a sphericity of + 3D, and to the other a 
cylindricity of + 2 d, setting them in a frame 
with the centre of each rim 25 mm. from the 
middle of the bridge. 

To relieve convergence, prisms should be 
**edge out;" while convex lenses should be 
displaced inwards, and concave lenses out- 
wards. 

To meet excessive convergence, prisms 
should be **edge in ;" convex lenses displaced 
outwards (only slightly practicable owing to 
limitation of near binocular fixation), and 
concave lenses inwards. It is with strong 
lenses, such as those for aphakia and high 
myopia, that care in the position of the 
enses is of chief importance. 

**Orthoscopic Spectacles " as described by 
Dr. Scheffler, have been so long known that 
they must not altogether escape mention. In 
these, accommodation and convergence are 
affected in equal amount. The two lenses 
have but one optical centre common to both, 
just as though they were cut from opposite 
edges of one large lens. The proof of their 
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correct manufacture is that they throw a 
single distinct image of a flame upon a wall. 
They have generally been prescribed in a 
few standard strengths, but they can be made 
for any patient by combining with each of 
his lenses a prism, whose deviating angle is 
found in Table III., opposite the description 
of lens, and under the number of millimetres 
by which the optical centre of each eye is 
distant from the middle line. These spec- 
tacles undoubtedly may have their place, but 
it is better to ascertain the conditions of 
convergence in each case and prescribe 
accordingly, rather than to adhere to any 
fixed combinations. 
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Part III.— LOCALISATION. 

LOCALISING THE EYES. 

It will be at once evident from the preceding 
section, that it is impossible to prescribe 
spectacles of any kind with a view to produce 
a definite prismatic effect without first know- 
ing the precise distance of the centre of each 
eye from the middle line, and in clinical work 
the need must have been often felt for a quick 
yet reliable objective test. Many subjective 
tests are in existence already for the purpose 
of telling, not the distance of each from the 
middle line, but the mutual distance between 
the centres of the two eyes, (*'interocular " 
or ** intercentral " distance) ; such as Smee s 
*' visuometer" as used by Bonders, Landolt's 
chiasmometer, Snellen's frame, or Dr. John- 
stone's trial frame with the short tubes in the 
two discs. But an objective test is more desir- 
able, and especially one for each eye, and 
though it is true that single points have already 
been placed before each pupil, such as, for 
example, the intersection of cross wires, with a 
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view to obtain this information, yet the very 
principle of such ^single **sight " or **bearing" 
is fallacious. It affords no guide or guarantee 
for the position of the observing eye, which is 
therefore left to guess-work. For a test to be 
true in principle, not only must the visual 
lines of the observing and observed eye 
coincide, but the line so composed must be 
exactly at right angles to the line uniting the 
centres of the two eyes, or at least if one eye 
be examined with any angle of inclination, 
the inclination must be the same in the 
examination of the other.* It need hardly 
be said that this cannot be ensured when 
only a single point is used for a bearing. To 
overcome this difficulty the writer has had a 
little device made (Fig. 25), with two sights 




F/^, 25. 

so disposed as to always be in a line at right 
angles to any trial-frame in which it is placed. 
One pupil is localised at a time, all that is 

* On the principle of the parallelogram. 
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necessary being to increase or diminish the 
breadth of the frame till the two sights and 
the centre of the pupil are in line as in Fig. 
26 ; the patient meanwhile is bidden to be 



Fig. 26. 

looking at the pupil of the surgeon's observing 
eye, by doing which the two visual lines {i.e., 
that of the observing and that of the observed 
eye), come to practically coincide. If the 
patient is a child it is quite easy to excite its 
interest in its own miniature reflection in the 
surgeon's pupil while taking the observation, 
adeptness in which needs a few trials to 
become familiar with the parallactic motion. 
The instrument is then placed in the other 
rim of the frame, and the observation repeated 
for the other eye. 

By this method we comply with the two 
afore-named conditions of accuracy ; the 
visual lines of the observing and observed 
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eyes coincide, and of necessity they are both 
at right angles to the trial-frame. The frame 
must of course be one movable by a screw, 
and marked in millimetres, so that the record 
can be read off after localising each pupil. 
The distance of the centre of each eye from 
the middle line is in each case Aa/f what is 
registered by the frame. It is true that the 
present methods are considered sufficiently 
exacr for practical purposes, but there is, 
nevertheless, a pleasure in working on correct 
principles, and a number of small inaccuracies 
in the different steps of testing and prescrib- 
ing may amount together to a considerable 
error. The frequent and careful use of 
this principle will shew how many an 
unsuspected difference exists in the position 
of the two eyes, and will train the surgeon 
who uses it to a quicker appreciation of 
asymmetry and its amount. When ordinary 
spectacles are prescribed for eyes placed 
unsymmetrically,the prismatic effect is gi eater 
for one than the other, which may (or may 
not) be deleterious, or even advantageous, 
according to the nature of each case which, 
therefore, needs individual investigation. 
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Part IV. 
ANALYSIS OF SPECTACLES. 

So far we have dealt with the synthetical part 
of our subject, how to combine lenses and 
(virtual) prisms. The analytical part must 
now be considered. When a patient comes to 
us with a pair of spectacles already in use, but 
which cause discomfort, how are we to q,nalyse 
their prismatic effect, and find how the glasses 
are centred ? One thing is clear, that we must 
set ourselves to discover with all possible 
accuracy the cause of the discomfort. It may 
be due to the irritability of the patient's 
nervous apparatus, but before deciding this 
we must exclude the other alternative, that 
the spectacles are not the best in every way 
that could be given. The focal length of the 
lenses is easily determined by the plans given 
on page i6. The next thing is to measure the 
distance between their optical centres, or, 
preferably, the distance of each from the 
centre of the bridge, and this may be done in 
several ways. If sunlight is procurable the 
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spectacles may be held at their focal distance 
from a card exactly parallel to the two lenses, 
then the distance between corresponding 
points of the two spots of light on the card 
gives the required distance between the 
optical centres. If artificial light be used, the 
distance between the spots of light (more 
strictly, between corresponding points in 
them), must be multipled by the distance of 
the light from the spectacles, and divided by 
that of the light from the card. In this 
experiment care must be taken that the light 
and the bridge of the spectacles 'are in a line 
perpendicular to the lenses and the card. A 
modification of the Phakometer could easily 
be adapted for this purpose. But incon- 
venience attaches to the use of either direct 
sunlight or artificial light, and if they can be 
dispensed with the better. Fig. 27 illustrates 

MiJOUnvtcrM 



Fi^' 27. A simple way of telling the distance between the 
optical centres of a pair of spectacles. 

a rough mode of telling the distance between 
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the optical centres. The spectacles are held 
horizontally, and some inches above a card 
marked to one side with a vertical line x, 
and towards the other side with parallel lines 
y, at different measured distances from the 
single one. The observer, holding his left 
eye about a foot above, and as nearly verti- 
cally over the left lens as he can judge, closes 
the right eye, and moves the spectacle frame 
from side to side till the line Xy appears 
unbroken by the left lens. Now, without 
moving the head, the right eye is opened and 
the left closed, and that line which appears to 
be least displaced by the right lens is the line 
nearest its optical centre, and the number 
above it furnishes a rough estimate of the 
required distance between the two optical 
centres. To ascertain whether each optical 
centre is midway between the upper and lower 
border of its rim, each lens must be held 
lengthwise over the left hand line till it 
appears to run continuously. The principle 
(though not new) of this test is so simple, 
yet its imperfections so many,* that I have 

* Besides its want of accuracy, it only gives the mutual 
distance between the optical centres, and not the distance 
of each from the middle of the bridge, and it is not available 
when the optical centre lies outside the lens. 
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constructed an V Analyser" to secure the 
former, without the latter ; it is shewn 
in Fig. 28. The two essential conditions 
are that the lenses should be parallel 



Fig. 28. The first form of analyser. 

to the card, and that the line of vision in 
looking through each lens should be exactly- 
vertical. The first is secured by laying the 
spectacles on the plate of glass c d which is 
movable from side to side ; and the second 
by keeping the eye so that the line x is main- 

5 
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tained in apparent coincidence with the line 
np. The letters a b indicate the narrower 
strip, also movable, marked exactly across 
the middle, with a transverse line x. On 
either side of the slides is a millimetre scale 
with the zero in the centre. The broad slide 
has a long line w right across it opposite 
the zero of its scale. The card r s has 
only one line upon it, exactly beneath the 
central lines of the glass strips, and it can be 
placed either in the bottom of the apparatus as 
as in the figure, or in the grooves higher up, for 
lenses whose focal length is shorter than the 
height of the glass plates above the lowest 
grooves. The card is generally used in its 
lowest position, because distance of the line 
upon it from the lenses, as we have already 
seen with prisms, magnifies the phenomenon, 
and makes the experiment more delicate. 
The height of the upper surface of the 
glass plates from the card in the lowest 
grooves is about 4^ inches. 

To analyse a pair of spectacles, lay the centre 
of the bridge on the line ze/, and place the 
observing eye so that the lines x and n p 
appear to coincide. Now move the broad 
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slide bearing the spectacles till the line n p 
appears undeviating through one lens ; then 
w points to the distance between the optical 
centre of that lens and the centre of the 
bridge. Repeat in the same way for the 
other lens. 

The geometrical measurements, as for the 
breadth of frame and the rims, are made by 
laying the spectacles still lengthwise, but half 
on the broad slide and half on the narrow\ 
By keeping the line x at zero, and placing 
any required point of the spectacles over 
it, then drawing out the line w to the 
other point, the latter line indicates the 
required distance, on the scale k e. It is 
well to have the narrow strip fixed by strong 
pieces of watch spring / /, like those for 
microscope slides, or by a little screw at one 
corner of the frame. 

Lastly, by laying the geometrical centre 
of a lens opposite the zero of the scale k e, 
the line tup will, if it be a decentered lens, 
appear displaced through it. How great is 
the apparent displacement ? By answering 
this we tell the prismatic equivalent of the 
decentering without recourse to any table. 
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We must use another sight* fixed to the 
narrow slide perpendicularly beneath its line 
X, then by holding the eye so as to keep them 
both in apparent coincidence (thus ensuring 
a vertical line of vision) and moving them 
till they appear exactly abreast of the apparent 
displacement of the line n /> as seen through 
the lens, the prismatic equivalent of the 
decentering is indicated by the degree on the 
scale e f X.O which x points. The special 
applicability of this mode is when the optical 
centre lies outside the lens. The principle 
would, of course, be the same if instead of 
moving the glass slide, the analyser were so 
made as to let the card at the foot be moved 
alongside a metric scale. When the lenses 
under test are of shorter focal distance than 
the height of the analyser, the card must be 
placed in one of the other two pairs of 
grooves : then, though the use of the scale k e 
is unchanged, it must be remembered that 
when the card is in the grooves half way up, 
each figure in the scale ^/"must be multiplied 

* Another way is to use a plane mirror instead of the card 
r s and keep the line x in line with its reflection — a little 
difficult sometimes. 
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by two, and when the card is in the highest 
grooves, as for cataract lenses, each must be 
multiplied by four.* 

Another form of Analyser. — The in- 
strument already described is, perhaps, 
most appropriate for surgeons, since no 
artificial light is needed, and it is small and 
portable. For opticians, however, who use 
large numbers of spectacles and wish to 
classify them, another kind is recommended, 
which permits both the focal length and the 
position of the optical centres to be tested at 
one and the same time. 

A plan of it is shewn in Fig. 29. Upon a 
horizontal strip of wood k /, is fixed an 
equatorial portion of a large lens (preferably 
plano-convex, as in Fig, 3 1 , to lessen spherical 



*For the guidance of opticians it may be said that the scale 
e f can be marked either in millimetres or in degrees ; if 
the latter then the height of the lenses above the card must 
be 53*3 mm. or some multiple of that number, for the degrees 
to be one millimetre from each other, or some multiple of a 
millimetre. But if marked in millimetres the height of the 
lenses above the card should be 100 mm., so that by a table 
of tangents affixed to the analyser the degree can be found. 
This is the most exact method, especially for strongly 
prismatic lenses, but being rather less simple is not 
mentioned in the text. 
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aberration). Fig. 30 represents in miniature 
how this rectangular piece is cut from the 



K 

|tv\Avt 





Pig' 30-— A. lens with the 

equatorial zone marked 

by dotted lines. 



Pig, 31. — Plano-convex lens. 



Pig* 32. — An Analyser made 
with a trial-frame. 



itfcond kind of Analyser. 

ial band or zone of the large lens : it 
be as long as the broadest spectacles 
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used. At its focal distance is placed a flame 
Z, so that parallel rays of light are thrown 
upon a screen s s, which is fixed to the 
traveller /, and is provided with a metric 
scale, running right and left from the central 
zero at c. A small wooden nose n is 
, provided to support the bridge of the specta- 
cles, and two wires w w, fixed to the under 
surface of the strip of wood, so as not to 
interfere with the movements of the traveller, 
support its limbs or temple-pieces. ^Two 
movable stenopaeic slits, (in default of which, 
the large lens should be blackened except in 
two vertical stripes,) greatly increase the 
definition of the focal points yy; which indicate 
upon the metric scale the distance of each 
'optical centre from the middle of the bridge. 
After laying a pair of spectacles in position, 
the traveller is moved till distinct images are 
thrown on the screen ; then the dioptric 
strength or focal length is read off from the 
flat strip which is marked both in dioptres 
and inches, and the position of the optical 
centres is read off from the screen. Fig, 32 
is to shew how a temporary style of the 
instrument can be made by placing in each 
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side of a common adjustable trial-frame a 
lens in conjunction with a prism.* But 
rectangular reading glasses can often be 
obtained in shops, and the portions not to 
be used can be covered with asphalt or with 
black silk plaister. 



THE EFFECT ON CONVERGENCE 
OF DISPLACED OR DECENTRED LENSES. 

This Study will cause embarrassment if 
allo\s^d in any way to be confused with those 
of previous pages, and, perhaps, for that 
reason, the less said on it the better, It must 
be clearly borne in mind that the prismatic 
equivalent of decentering a lens, and the 
effect of that decentred lens on convergence 

* The lenses chosen should have a focal length equal to 
the most convenient distance of the flame, then by Table IL, 
prisms should be selected nearest to the strength indicated 
opposite the dioptric description of the lens in or near the 
columns headed by 28 mm. or 30 mm. After setting them 
in position with the apices of the prisms exactly outwards 
the final correction is made by adding to each couple a 
vertical stenopaeic slit, and holding the whole combination 
exactly athwart direct sunlight, so as to throw two fine images 
upon a card held at the focal distance of the lenses. The 
trial-frame is then adjusted so that the two images exactly 
coincide. Their action now is the same as that of the large 
lens. 
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are two distinct things, though at first sight 
they appear the same. Suppose we decentre 
a lens, or what is the same thing, suppose wis 
place a normally centred lens precisely before 
one eye and associate a prism with it. We 
might anticipate that the angle of deviation 
of this prism would exactly express the effect 
on convergence. But it is not so. Fig. 2^?>y 



F'^' 33. — A. The right eye is looking at a distant object 
through a lens displaced inwards, rim and ally by a distance o d ; 
d c e \^ the effect on convergence. B is the same eye looking 
through a lens of the same focal length, but decentred in its rim by 
the same distance d. The dotted lines indicate the prism that 
would be equivalent to the decentering, and the effect on conver- 
gence is the same as with A. 

B, represents a decentred lens, the action of 
which is precisely similar to a prism and lens, 
for, as said before, it is as if the lens were 
split in two, and the prism shewn in dotted 
outline were inserted between the two halves. 
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Now it will be evident at a glance, that the 
angle c d f \s the deviating angle of the 
virtual prism, while the greater angle, d c e is 
that which represents the effect on conver- 
gence. It makes no difference to the effect 
on convergence whether a lens is decentred, 
or displaced to the same amount as in Fig. A. 
There is one exception to the discrepancy 
between the prismatic equivalent and the 
effect on convergence, and that is when the 
lenses are convex ^nd. the object of fixation is at 
their focal length. Within that distance the 
effect on convergence is less, and beyond it 
more, than the prismatic equivalent. But 
with concave lenses it is always less. 
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Part V. 

A BRIEF OUTLINE OF THE 

CHIEF CLINICAL APPLICATIONS 

OF PRISMS. 

There are seven uses of prisms in the con- 
sulting room which may be described first ; 
then five more uses as worn by patients will 
follow, making in all twelve clinical appli- 
cations,* Prisms are — 



A.— OF SERVICE IN THE CONSULTING 
ROOM. 

I. — To measure the absolute minimum of 
convergence (r^). This is generally a negative 
quantity, and then the minimum of con- 
vergence of the visual axes is identical with 
their maximum of divergence. Its measure is 
therefore taken by finding the strongest pair of 
prisms, with their edge outwards, compatible 
with single vision of some distant object, as 

♦ In working with prisms, we are happily not concerned 
with the angle alpha, either in testing or prescribing. 
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shewn in Fig. 34. The deviating angle of 



■v^ 



Fig. 34. — The absolute minimum of convergence. 

each prism expresses the ** absolute minimum 
of convergence" for each eye. The figure 
also makes clear that the visual axes meet 
behind the head during the experiment, and 
their point of intersection is still called ** the 
far point of convergence," though its position 
is negative instead of positive. If a single 
prism be used, since its effect is distributed 
between the two eyes, its angle of deviation 
must be mentally halved for each. Re- 
moteness of the point of fixation during 
the experiment is an important consideration 
if it is desired to reach the absolute mini- 
mum, for the knowledge of the object 
being at a great distance favours the 
evolution of diverging energy, and in normal 
eyes the sympathy of convergence with the 
very beginnings of accommodation (even for 
instance for six metres) is very great* If 

* Investigations, &c., Maddox, "Jour. Anal. & Phys.," 
Vol. XX., p. 574. 
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lenses are worn in the trial frame, for ame- 
tropia, of sufficient strength, the experiment 
can be made by separating them if concave, 
or approximating them if convex, till double 
vision occurs, and then the prismatic effect 
can be calculated from Table III. 

Thus, if the distance between the optical 
centres of lenses of — 4 d be increased , till it 
is 16 mm. greater than the distance between 
the centres of motion of the eyes, we divide 
the 16 mm. between the two eyes, for clearly 
each lens is displaced 8 mm., and therefore 
by the table there is 1^50' of divergence for 
each eye, or just one metre angle. It is 
expressed by saying that the absolute mini- 
mum of convergence is — 1^50'. Dr. Stevens 
finds that with vision for six metres, the 
normal power of the abducting muscles is 
measured by a prism of 8^ or, possibly, 9^ 
He first corrects any existing ametropia, but 
does not appear to calculate for the prismatic 
effect of the lenses during the experiment. — 
(Archives of Oph., June, 1888, p. 163.) 
Schweigger also gives 8° as the average 
strength of prism in E., and quotes Schuurman 
as giving 5 '6° as the average prism in H,, and 



Digitized by VjOOQ IC 



78 PRISMS. 

11*6** in M. In making this test with m, re- 
fraction should first be corrected, and the 
effect of the lenses on the direction of the 
visual lines calculated for by Table III. In 
H., the test should be made both with and 
without lenses. 

2. — To measure the absolute maximum of 
convergence {p""). Find the strongest adduct- 
ing prisms, as in Fig. 35, compatible with 




Ftg. 35.— The absolute maximum of convergence. 

single vision of a test type or printed page 
held as close to the eyes as accommodation 
will permit. 

This test, though described for complete- 
ness, is not easily enough made with ordinary 
prisms to be much used, or to replace in 
practice the old established custom of advanc- 
ing a finger towards the root of the nose till 
one eye deviates outwards, or the use of Dr. 
Landolt's Dynamometer in which the finger is 
replaced by a line of light. The two last tests, 
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however, it may be suggested, do not give the 
** absolute maximum of convergence," for as 
soon as the point of fixation passes within the 
binocular near point of accommodation, diffu- 
sion circles appear on the retinae, and increase 
rapidly in size with every approach till the eyes 
resign the impossible task of accommodation 
— then the ciliary muscle relaxes, and with it 
the convergence. 

Just as in absolute hypermetropia, efforts 
of accommodation cease as soon as the im- 
possibility of obtaining sufficient definition is 
realised. These tests discover only, I believe, 
the point of the resignation of ciliary 
effort. Even were the accommodative efforts 
to persist, it is scarcely to be expected that 
two pictures on their respective retinae, each 
composed of a mass of diffusion circles, 
should excite the desire for fusion in its full 
strength, as clearly defined pictures would. 
At first sight the highest adducting prisms 
compatible with single vision of a test type 
held at the absolute near point of accommo- 
dation would seem to give the true ** absolute 
maximum" of convergence ; but here there 
is a new difficulty, for the chromatic disper- 
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sion of the prisms spoils the definition pf the 
pictures on the retinae, though truly it might 
be avoided by using a monochromatic light.* 
By adding the result of this test to the 
already ascertained ** negative convergence," 
we get the ** absolute range (amplitude) of 
convergence " (a^), of which, according to Dr. 
Landolt, not more than one third or one 
fourth can be continuously in exercise for 
comfortable vision. 

3. — To measure the *' relative range of 
convergence " (a,). For this we find the 
strongest pair of abducting prisms, as shewn 




Fig, 36. — The relative range of convergence. 

* Such light niay be obtained of a pure yellow by placing 
common salt, or of a pure red by placing some salt of 
strontium, upon the wick of a spirit lamp of which the 
flame is kept steady by incombustible gauze. 
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in dotted outline in Fig. 36, and then the 
strongest pair of adducting prisms, as shewn 
in continuous outline, compatible with single 
distinct vision of an object or type at some 
chosen distance. The distance most suitable 
is that at which the patient's daily work is 
done (occupation distance), and for which 
spectacles are most required. 

The abducting prisms measure the negative 
part of the range (ff), and the adducting 
prisms its positive part (/J). This test would 
probably be the most valuable of any, if the 
best ratio between the negative and positive 
parts were well worked out for different dis- 
tances of vision ; meanwhile it may be 
gathered in large part from Fig, 57 of 
Bonders* " Anomalies, etc." At twelve 
inches, for instance, the subject of his 
experiments had a relative range of nearly 
seven metre angles, the negative and positive 
parts being equal. At eight inches the rela- 
tive range is slightly greater, but its parts 
are still equal. At six inches the positive 
part exceeds the negative. For distances 
greater than twelve inches the chart is incom- 
plete on the negative side, but the positive 

6 
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part is at 24 inches, 3 full metre angles, and 
at 72 inches about 2\ metre angles. 

Since the relations between convergence 
and accommodation become temporarily alter- 
ed by prolonged efforts to overcome strong 
prisms, all observations should be taken as 
quickly as possible ; hence the rectangular 
trial-frame of Fig. 20 would be better than 
an ordinary one, since no time is wasted in 
setting a prism. 

The principle of ** rotating prisms," as 
introduced in America some years ago, should 
be a valuable one ;* but as I have not yet 
tried them, more cannot be said now. 

In testing the ranges of convergence it is 
undoubtedly best to use pairs instead of 
single prisms ; then the deviating angle of 
each gives the result for each eye. Should, 
however, a single prism be used, its deviating 
angle must be halved for each eye ; and 
should the pair be an odd one, that is, with 
one prism stronger than the other, half the 
sum of their deviating angles must be taken 
for each eye. The prismatic relief found 

* These prisms are cogged edge to edge so as to rotate, 
ne before each eye, in opposite directions at equal rates. 
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desirable to give by any of these plans would 
of course apply to each lens in the spectacle 
frame. 

4. — To dissociate convergence and accommo- 
dation. This is done by placing a weak 
prism with its edge upwards or downwards 
before one eye. One of 4^ (2?d) is generally 
strong enough to create vertical diplopia 
which cannot be overcome in distant vision ; 
but for near vision, a stronger prism must be 
used. Graefe's was 15^ 

In this way the stimulus to convergence is 
suppressed, and the eyes take that position, 
relatively to each other, which is due to the 
central association (in the nerve centres) be- 
tween convergence and accommodation. 
Accommodation is in normal exercise and 
creates a definite proportion of associated or 
sympathetic convergence, which it is the 
purpose of the test to estimate. To give a 
simple illustration, we may compare the 
centres for convergence and accommodation 
to the two legs of a tuning fork ; the slightest 
vibration in one provokes vibration in the 
other. It is a perfect instance of irradiation, 
which appears to be a necessary accompani- 
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ment of all nerve-cell energy, but which is 
here economically gathered into a mutual 
channel between two confederate functions 
which are always associated in daily work. 
If the two images in this test appear in the 
same vertical line, the associated convergence 
is just equal to the accommodation ; if they 
are not in the same vertical line the diplopia 
is of course either homonymous or heterony- 
mous. In the former case convergence is in 
excess of accommodation, and we say there 
is " relative convergence" ; and in the latter 
there is a deficit of convergence, and we 
say there is " relative divergence."* 

* By an easy paper experiment communicated to the 
" Roy. Soc, Ed." (Proc. 1883-4, p. 433), for the author by 
Prof. Crum Brown, any one may convince himself that with 
dissociated distant vision some convergence of the visual axes 
is generally, though not always present. This was called "the 
initial convergence." With accommodation for nearer dis- 
tances, "associated or accommodative convergence" is 
added to it till the " point of coincidence," where accommo- 
dation and convergence are abreast. For distances nearer 
than this there is generally relative divergence, which, after 
gradually reaching its maximum, again declines to a second 
point of coincidence near the near point of accommodation, 
and speedily gives way towards the absolute near point to 
relative convergence. These and kindred points will be 
found worked out in the "Jour, of Anat. and Phys.," 
vols. XX. and xxi , in papers already referred to. The^results 
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The point of fixation may be, 'according to 
Von Graefe's suggestions, either a distant 
flame, or a vertical line with a dot situated 
upon it on a card. In the latter a fallacy has 
been shewn, from the fact that the redupli- 
cated line still creates a desire for single 
vision of those portions which overlap.* 
When a light is made the point of fixation, 
a double prism, like that in Fig. 37, makes it 
much easier to detect the condition present 



^^^' 37' — A double prism. From " Jour. Anat. & Phys.," 
Vol. XX., p. 496. 

by observing whether the central image, 
which is seen by the unclad eye, appears to 

were obtained by the " visual camera" ; and to obtain similar 
ones it is essential to employ a method of the same kind 
which takes note of the tiniest aberrations, and allows them 
full time to occur in a field entirely dark but for the two 
points of light. 

* Noyes, " Treatise on Diseases of the Eye," New York, 
1882, p. ^^. 
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the right or feft of the imaginary line between 
the other two, which are false images seen 
through the prism. The degree of deviation 
can be measured by finding the additional 
prism, edge in or out, required to bring the 
images into a vertical line, as suggested by 
Graefe ; or the first prism may be rotated 
till the images are vertical, and then from the 
strength of the prism and the degree of turn- 
ing, a calculation can be made of the devia- 
tion.* 

For near vision the double prism may also be 
used^ as in the figure, or with a device marked 
on a card, which measures the deviation at the 
same time ; but I have come to prefer a single 
prism, mounted with its edge upwards on 
one end of a strip of wood along which a 



lo'sr 8*7' e'j' 4'3r f r 
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Fig' 38' — ^ metric device for a single prism. The lower 
row is marked on a card, and the upper is its false image. 



* The sine of the angle through which the false image was 
displaced, is the multiple of the sines of the angle through 
which the prism has been rotated, and the angle by which it 
deflects rays of light. Sin. x — sin. A sin. r. 
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traveller bears the same device, which now 
appears only doubled as in jFtg: 38 instead of 
trebled. It is of course desirable to make 
this test at the occupation distance of different 
patients, and if the scales are marked in 
degrees or metre angles a different one is 
necessary for each distance ; if marked in 
mm., and provided with an indicator capable 
of being lengthened or shortened, one is 
sufficient, but a calculation is necessary. 

What is the due significance to attach to 
this test ? It clearly does not decide the 
strength of one rectus, for convergence is a 
single function affecting both eyes equally. 
It is true that each rectus is a link in the 
chain of convergence, and may be the weak 
link, but that would shew itself best in testing 
the lateral movements of the eyes. Neither 
does it afford a pure test of the strength of 
convergence ; for the converging innervation 
might respond in power to its proper stimulus 
and yet fall short of this test from its central 
communication with accommodation being 
abnormal or affected by disease. Neither 
does it entirely test the freedom of communi- 
cation between the centres ; for that might 
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be perfect, and yet the test exhibit failure 
from some imperfect link in the chain of con- 
vergence. It really tests all in a joint way, 
so that its full value only comes out when it 
is made for both near and distant vision, and 
is conjoined with some of the previous tests 
to interpret the exact import of its revelations: 
the way in which these vary slightly accord- 
ing to the time of day, the state of the 
sympathetic system, and other conditions, has 
been described elsewhere.* 

5. — To disclose any tendency to vertical 
diplopia (hyperphoria). Accommodation and 
convergence are dissociated for this purpose 
by a prism with its edge outwards, and slightly 
stronger than can be overcome — say one of 
6^d. In this test especially, precision in the 
setting of the prism is essential, since imperfect 
setting can produce in a normal patient an 
apparent difference in the height of the two 
images. This is shewn in Fig. 13. 

Interesting cases of latent vertical diplopia, 
with very successful correction, have been 
recorded by many, especially in America. 

* " Investigations," &c., J. A. P., vol. xx., p. 568. 
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In making the test, the object should be a 
flame at the distance of 6 metres, and the 
full prismatic correction should then be given. 

Instead of a single prism, a double prism 
with its axis horizontal, like that in Fig. 
37, may be used, and it is not difficult for 
the patient to tell whether the central of 
the three images is equi-distant between 
the other two. Better still is a stronger 
double prism with each refracting angle 
of 10^ : this is used with its axis vertical 
instead of horizontal so that the three images 
appear in one horizontal line, and the patient 
is asked to say whether the central one is 
higher or lower than the line between the 
other two. 

Yet a fourth, and perhaps easiest way of 
making the test is to use an ordinary stereo- 
scope,* marked before one eye with a vertical 
line graduated in degrees up and down from 
a central zero point, and before the other eye 
with a horizontal line exactly level with the 
zero point just mentioned. On looking into 
the instrument, the horizontal line appears to 

'^ ** Ophthalmic Review," An Abstract, &c., Dec. 1886, p. 348. 
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lie across the vertical one ; if it crosses it at 
zero there is shewn to be no tendency to 
vertical diplopia; but if otherwise, the latter 
is present, and its amount is expressed by 
the figure which the horizontal line crosses, 
and which the patient is asked to read off. 
The stereoscope must be held horizontally 
and with care. 

All these are " diplopia tests," or " equi- 
librium tests," since they depend on the 
dissociation of the eyes by the artificial 
creation of diplopia. But Stevens has 
shewn the desirability in these cases of also 
finding the highest prism, edge up, compatible 
with single vision, and the highest prism, edge 
down.* 

6. — Prisms have sometimes been used to 
measure strabismus, or to measure the degree 
of any existing diplopia, but for this they are 
useless. 

Not so, however, when the purpose is to 
ascertain by what proportion diplopia must 
be lessened to place its entire correction just 
within the control of the inn,ervation con- 

• "Archives d'Ophthalmologie," XVI ; 6 ; p. 544. 
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cerned in the preservation of single vision. 
It suffices to find the weakest prism, with its 
base-apex line parallel to the line between 
the two images, which enables single vision 
to be effected. The deviating angle of this 
prism informs us of the proportion of the 
diplopia which is beyond control, and when 
this proportion is deducted from the whole 
diplopia, the remainder is the proportion 
which can be brought under control. It is 
sometimes advisable to prescribe prisms just 
strong enough to bring the diplopia well 
under the control of ** the fusion innervation" 
(as it is sometimes named) but no stronger, 
so as to exercise the neuro-motor mechanism 
till its strength is regained. Compare p. 41. 
For homonymous diplopia the edge of the 
prisms must be directed inwards, and for 
heteronymous (crossed) diplopia, outwards, 
or, in simpler words, " place its apex in the 
same direction as that in which the eye 
deviates ; thus, if the eye turns outwards, the 
apex of the prism must be turned outwards ; 
if the eye turns in, the apex must be inwards 
also."— (Juler). 

7. — To decide the presence of binocular 

Digitized by VjOOQ IC 



92 PRISMS. 

vision. The fact that a prism before an eye 
deflects the line of fixation has been turned 
to account by Graefe, in cases of suspected 
malingering, to see whether an eye has such 
a thing as a line of fixation, or in other words 
whether it is a seeing eye. The following is 
perhaps the fullest plan. After fixing the 
patient*s attention, we may first place a strong 
prism, say of 30°, (edge in or out) before the 
sound eye. If, while doing this, the other 
betray no associated movement, vision is 
almost certainly binocular, for nothing 
but fixation could preserve it from ac- 
companying the deflection of its fellow, 
except in paralytic cases. Should it move, 
however, nothing is proved beyond the 
expected fact that its fixation power is less 
perfect than that of the other. 

The same prism is now similarly placed 
before the doubtful eye ; if while doing so the 
other display an associated movement, vision 
is not only binocular, but the impugned eye 
is the best of the two, at least for the distance 
of vision employed at the time : but if there be 
no associated movement nothing is proved. 

Lastly, on placing a prism of about 10** 
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before the doubtful eye, and quickly withdraw- 
ing the prism, we closely watch the eye from 
which it is taken ; for a corrective movement, 
if detected, at once tells us that its line of 
fixation has been deflected by the prism, and 
that it has therefore a line of fixation and 
is a seeing eye. 

The subjective test, in which the patient's 
statements have to be relied on, is, for obvious 
reasons, often unsatisfactory, though it 
possesses the peculiar advantage of convinc- 
ing a by-stander from the patient's own 
mouth, and of thus relieving the surgeon 
from the sole responsibility. It consists in 
placing a prism first before the unsound eye, 
and asking whether any object, preferably a 
flame, appears double. The reply is almost 
certainly negative. The prism is next placed 
before the sound eye, and the question 
repeated, ** Do you ncrw }'' If incautious, 
the patient may admit that though he sees 
nothing with the bad eye, he sees double 
when the prism is held before the good one. 
A refinement has been introduced in America 
by first placing the edge of the prism partly 
over the pupil of the sound eye, to shew the 
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patient that vision may be double with that 
eye alone, when the other is covered by the 
hand. A stereoscope, however, with a circle 
on one side, and a cross on the other ; or 
Snellen's coloured test-types, afford better 
subjective tests than any with prisms. 

B.— PRISMS MAY BE WORN IN 
SPECTACLES. 

I. — To relieve any strain between conver- 
gence and accommodation (esophoria or exo- 
phoria). The existence and nature of the strain 
must, if possible, be first made out. An ideal 
investigation would include, after the usual 
study of accommodation : (i,)The total range 
and region of convergence ; (2,) Its relative 
range, with vision for occupation distance ; 
(3,) The effect of dissociating the two func- 
tions with both near and distant vision. But 
with present methods, to attempt all these 
makes too great a demand on time, except 
for a few cases in order to form a ground- 
work for others ; and in general, those tests 
must be selected which are most suitable for 
the case. How, when refraction also needs 
correction, to apportion the desired relief 
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between displacing on the one hand, and 
decentering or the addition of a prism on 
the other, has been shewn in the previous 
section on ** Decentering of lenses." There 
is little to be gained from prisms stronger 
than 2^d. 

Dr. Noyes' plan is to ** first decide the 
proper working distance, and the correcting 
glass which for this point is required, and 
with it ascertain the muscular error," by dis- 
sociation, &c. He adds, ** To give prisms 
equal to one half the amount of error is 
usually sufficient," and says, further, **We 
must sometimes order prisms for permanent 
wear, either with or without a refractive 
correction, and this is indicated when a 
muscular error has been detected in testing 
for the distance of 20 ft. Here the correction 
of weakness of the externi, or of vertical 
diplopia, is of the utmost importance, and 

the full correction must be prescribed 

It is sometimes extraordinarily gratifying to 
see what relief is obtained by suitably-chosen 
glasses." What he terms ** insufficiency of 
externi for distance, and of interni for near 
vision," implies, he says, general muscular 
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weakness, and indicates constitutional treat- 
ment, and Dr. Dyer's "invigorant plan." 
This consists in giving the patient four 
squared prisms, of about 2^^ 5°, lo^ and 15'' 
respectively : twice a day for ten minutes he 
is to fix a flame or door-knob at 20 ft, and 
exercise abduction and adduction (really 
relative divergence and convergence), begin- 
ning with the weakest prism, and mounting 
the ladder to the strongest. Dr. Noyes' 
following remarks are so apposite that we 
conclude this subject with them : ** The true 
purpose of prisms for constant wear, or for 
working, is found in those cases in which the 
difficulty lies in want of balance between 
opposing groups by which one set predomi- 
nates too much over the other, not in those 
cases where the muscular power as a whole is 
below standard. Weakness of all the muscles 
is seen in that tremor or jerkiness which the 
eyeballs show when fixed in some extreme 
position, or in the sudden jump which the 
globe makes on reaching a certain point, as 
the eyes follow the finger slowly from one side 
to the other. The jump comes when another 
combination of muscles is required by the 
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change of fixation, and means that all do not 
conspire to an equable and smooth action." — 
(Noyes, op. ciL, p. 94.) 

2. — To relieve any tendency to vertical diplo- 
pia (hyperphoria). The existence and amount 
of the latent diplopia may be determined by 
one of the methods on p. 88. Then a prism 
whose deviating angle equals, or nearly equals, 
the angle of diplopia may be ordered. Since 
the degree is generally small, it is not often 
worthwhile to distribute the correction between 
two prisms. If the image seen by the right 
eye appears highest, a prism should be worn 
before that eye with its edge downwards, just 
strong enough to bring the highest image to 
a level with the other ; or the same prism 
with its edge upwards before the left eye 
would amount to the same thing. 

Oblique tendencies (hyperesophoria and 
hyperexophoria) are best resolved into their 
component horizontal and vertical elements, 
to allow the first to be studied in connection 
with convergence, and the second to be 
studied independently ; but instead of pre- 
scribing separately the required horizontal 
and vertical prisms, a single prism is to be 

7 
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ordered of such a strength and so inter- 
mediate in the direction of its apex as to have 
their combined effect. For formulae, see p. 1 1 2. 

3. — To correct persistent and incurable 
diplopia, if of sufficiently small degree. This 
is done by letting the patient wear a prism 
whose angle of deviation is equal to the 
angle of the diplopia, and whose edge is in a 
direction contrary to the displacement of that 
false image which is seen by the eye before 
which it is worn. » 

4. — To train the neuro-motor fusion- 
apparatus to overcome by degrees a curable 
diplopia, as in paralytic strabismus, or diph- 
theritic, or other pareses. Thus Bonders 
wrote, "We may further, in paresis of a 
a muscle, so far meet the disease by means 
of a prism, that in order to make the double 
images which have been brought near one 
another run together, the muscles will become 
powerfully tense which, for the alleviation of 
the paresis, appears to be no matter of indiffer- 
ence".* If one rectus alone be paralysed, 
the prism should be worn before the eye of 

* "Anomalies," &c, p. 134. 
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that side, but if a conjugate Innervation be 
affected, each eye should be supplied with a 
prism. In either case their strength should 
be such as to relieve that proportion of the 
diplopia which is beyond the control of the 
fusion function, but not strong enough to let 
the whole diplopia be overcome without a 
slight and harmless effort. At regular inter- 
vals the diplopia should be measured, to note 
its gradual decrease, and to order weaker 
prisms accordingly, which will still stimulate 
the paretic structures, till they regain control 
of the diplopia altogether, without the further 
need of prisms. 

An undoubted difficulty in this treatment 
consists in the variations of the relative 
positions of the images in the different 
parts of the field of fixation. Schweigger 
seems t(3 go a little too far in saying, 
** The correction of diplopia by prisms is 
indicated only when there exists secondary 
contraction of the antagonistic muscle, and, 
as a consequence of that, diplopia throughout 
the entire field of vision," and ** the prisms 
should be chosen of such a strength as to 
correct only that part of the diplopia which 
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is due to this contraction of the antagonist/' 
— (** Handbook of Ophthalmology/' trans. by- 
Farley, 1878.) See the Appendix, p. no. 

5. — To relieve convergence for near work in 
some cases of short sight, where it is impractic- 
able to remove the occupation distance, by con- 
cave lenses alone, far enough to avoid excessive 
converging effort. But this application of 
prisms is very limited, owing to the weight, 
to the illusory properties, and to the chromatic 
aberration of the prismatic combinations. 
Any tendency to divergent strabismus would 
be aggravated by this method, and even 
without that tendency being noted, such 
spectacles should be very carefully guarded 
from any attempt to employ them in distant 
vision, even if necessary by surrounding the 
desk or other scene of work by a light screen 
at such a distance that the visual axes can 
never become divergent. For the same 
reason distant vision spectacles should have 
their optical centres no further apart than the 
centres of rotation of the eyes ; otherwise 
they cause actual divergence of the axes, the 
muscular strain of which is perhaps as 
detrimental to the coats of the eyes as that 
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of excessive convergence. I have seen a 
myopic patient, in whom spectacles prescribed 
by one of universally recognised skill caused 
discomfort for years, and were then improved 
upon by a pair selected at random by himself 
from a common store ; no doubt the refraction 
was perfect, but the optician had received no 
intimation of the position of the lenses, and 
for myopic children especially, spectacles are 
very apt to be too wide. In some patients, 
the movements of the elongated eyeballs are 
so hampered, that convergent strabismus 
appears in distant vision, and divergent 
strabismus in near vision. In such cases, if 
the two kinds of strabismus are not too exten- 
sive, the distant vision spectacles may well 
have their lenses decentred (not displaced) 
outwards, and those for near vision be dis- 
placed (and, if necessary, decentred also) 
inwards. Displacing is, for distant vision, 
less advantageous than decentering, since it 
interferes with the binocular field of fixation 
which it is here important to preserve. 
Schweigger says of prismatic spectacles for 
the muscular asthenopia of myopia that 
'' They may be used with special advantage 
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when it is possible to employ a working 
distance of at least lo or 12 inches." — [Op. cit.y 
p. 172.) 

There are other applications of prisms, 
such as to wear a pair with their edges in- 
wards to enable hypermetropes to accommo- 
date more easily (a sure way to develop 
convergent strabismus), and Culbertson s 
Prisoptometer, in which a double prism is 
used to reveal anomalies of refraction, but 
they need not detain us. Another interesting 
use of prisms is to make manifest the presence 
of what Dr. Stevens calls ** habitual uncon- 
scious diplopia." The suppressed picture of 
a flame, as has been long known, becomes 
often manifest on placing a weak prism before 
the eye, even though it be in the direction of 
correcting the diplopia. In other directions, 
however, it might be acting by creating 
diplopia. Lastly, it may again be mentioned 
that prisms should never be prescribed with- 
out a fair preliminary trial. 
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Till attention was kindly called to It by Mr. 
Charles Wray, F.R.C.S., I was not acquainted 
with the work of Dr. Stevens of New York, 
whose thoughtful papers in the ** Archives 
d'Ophthalmologie" (vi. 6), and the '^Archives 
of Ophthalmology " (vols. xvi. and xvii.), well 
repay perusal. They deal with the subject 
of faulty tendencies of the ocular muscles, 
not so much from the optical standpoint, as 
with a view to afford surgical relief by a 
modified form of tenotomy. He has intro- 
duced a new nomenclature, as follows : — 

L GENERIC TERMS. 

Orthophoria. — Tendency of the visual 
lines to parallelism. 

Heterophoria, — Tendency of these lines 
in some other direction. 

n. SPECIFIC TERMS. 

Heterophoria can be divided into — 

I. — Esophoria, — Tendency of the visual 
lines inward. 
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2. — Exopkoria. — Tendency of the lines 
outward. 

3. — Hyperphoria (right or left), — Ten- 
dency of the right or left visual 
line to place itself in a direction 
above that of the opposite side. 
• ** This term does not imply that 
the line alluded to is too high, but 
only higher than the other, with- 
out indicating which of the two 
is defective." 

III. COMPOUND TERMS. 

Tendencies in oblique directions can be 
expressed in the following manner : — 

I . — Hyperesophoria. — Tendency upward 
and inward. 

2. — Hyperexophoria, — Tendency upward 
and outward. The designations right and 
left must be added to these terms. He says, 
''In registering the respective elements of 
these compound expressions, I employ the 
sign L. For example, if we wish to indicate 
that the right visual line tends above its 
partner by 3°, and that it has a tendency in- 
ward of 4°, these facts are inscribed as 
follows : Right hyperesophoria : 3° L 4°." — 
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(** Archives d* Ophthalmologic," vi. 6, p. 542.) 
The tendencies of the visual lines thus classi- 
fied must not be confused with actual devia- 
tions, as in strabismus. In strabismus, to 
which he gives the name of keterotropia 
(rpoTTo^y^Si turning), there is habitual (conscious 
or unconscious) diplopia, but in heterophoria 
{<f>opo(;y a tending,) the visual lines only tend 
to deviate, and are restrained from doing so 
by extraordinary fusion effort, so that bi- 
nocular vision is habitually maintained, but at 
the expense, often, of headaches and other 
nervous symptoms. These faulty tendencies 
are, in short, what have long been known as 
** dynamic (or potential) squint," (Von Graefe), 
or '* latent squint" (Alfred Graefe). 

Dr. Stevens retains the old expressions 
abduction and adduction in their usual sense, 
as representing the diverging and converging 
action of an eye, by which it overcomes a 
prism with its edge out and in respectively, 
and contributes the new term **sursumduc- 
tion " for the overcoming of a prism with its 
edge up or down, and says, ** It often happens 
that the images can be united when a prism is 
placed before an eye with its base up or down. 
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but that diplopia occurs if the prism is in- 
verted, or if it is placed in its first position 
before the other eye." The standard distance 
at which he makes his tests is 20 feet, with 
the head in the primary position, and any 
error of refraction corrected, though it does 
not appear whether the effect of the lenses is 
accounted for. He says, ** The usual power 
of the abducting muscles in orthophoria is 
measured by a prism of about 8°, or, possibly, 
9°,'* and of the adducting muscles by one of 
50°, while the powers of sursumduction are 
normally measured by a prism of 3°. In 
manifest strabismus, diplopia is generally 
difficult to demonstrate, owing to habitual 
suppression of one of the images, but a red 
glass before one eye, or a weak prism, may 
make it evident. 

Dr. Stevens believes that hyperphoria 
rarely exceeds 4°, and if any case appears an 
exception to this, hypertropia is to be sus- 
pected, and the suspicion is made almost a 
certainty if combined with it there is a lateral 
deviation of more than 6°. Esophoria of 
more than 10°, or exophoria of more than 8^ 
is not likely to be found with maintenance of 
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binocular vision. (** Archives of Ophth.," 
June, 1888, p. 163.) His experiments are 
made with an apparatus called a** Phorometer." 
It consists of a vertical standard, supported 
by a tripod, and adjustable for differences of 
stature. It bears a hinged arm, which may 
be horizontal, or be used at any inclination 
notified by a scale of degrees, or it may be 
folded down altogether. At the hinged 
extremity it is provided with a spirit level, 
and in a groove along its upper surface, 
carriers bearing prisms can either slide or be 
removed at will. I nstead of simple rectangular 
prisms, two discs can be used, each consisting 
of six prisms united at their apices, so that 
on rotation, prisms of increasing strength 
come before the two visual apertures. A 
tablet, marked with a small cross on one side, 
and a larger one on the other, is held by a 
rod at the distance of half a metre from the 
prisms, or at any other desirable distance. 
He first places the patient in the primary' 
position, 6 metres distant from a flame, with 
the ocular muscles relaxed, and any refractive 
anomaly corrected ; and then tests for hyper- 
phoria by a prism, edge out, stronger than 
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can be overcome. If the two images are at 
different heights, hyperphoria is demonstrated 
and is measured by that prism which, with 
edge up or down, brings them to the same 
level. He next tests for esophoria or exo- 
phoria by a prism, edge up or down, too 
strong to be overcome, and measures the 
amount of deviation by the prism which, with 
edge in or out, makes the images vertical. 
Eyes, therefore, are characterised as eso- or 
exophoric, etc., when they are shewn to be so 
by tests made at the standard distance of 
. 20 feet, and for the results of near-vision 
tests. Dr. Stevens proposes to speak of 
'*exophoria in accommodation,'' etc., but this 
is scarcely precise enough, and it will be better 
to mention the exact distance of the test, and 
speak of exophoria at 20 feet, esophoria at 
10 inches, and so on. 

I have drawn up the following series of 
prismatic tests, for cases of suspected nerve 
trouble from heterophoria. 

A. WITH FLAME AT 20 FEET. 

I. — With prism of 10°, edge out, or a 
stereoscope, test for hyperphoria (p. 88). 
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2. — With prism of 4^ edge up, test for 
esophoria or exophoria (p. 83). 

3. — Find highest prism, edge out, com- 
patible with single vision (p. 75). 

4. — Find highest prism, edge in, compatible 
with single vision. (Rarely necessary.) 
(p. 106). 

5. — Find highest prism, edge upwards, 
compatible with single vision (pp. 105, 106). 

6. — Find highest prism, edge downwards, 
before the same eye, compatible with single 
vision (pp. 105, 106). 

B. WITH FIXATION FOR ** OCCUPATION 

DISTANCE." 

I. — Find highest pair of prisms, edge out, 
compatible with single vision (p. 80). 

2. — Find highest pair of prisms, edge in, 
compatible with single vision (p. 81). 

3. — With a prism of 10°, edge up, test for 
esophoria or exophoria at working distance, 
using a device to measure the amount, as in 
Fig. 38 (p. 86). 

C. WITH FIXATION FOR THE ABSOLUTE NEAR 

POINT OF ACCOMMODATION. 

Find the highest prisms, edge in, compa- 
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tible with • single vision of test-types, or 
use Landolt's dynamometer (p. 78). (The 
usual ''finger test," the ** cover test," the 
lateral movements of the eyes, and the 
distance of each eye from the middle line, are 
observations which should not be omitted.) 

As to prescribing prisms for recent paralytic 
strabismus, Dr. Noyes puts the matter well 
in the following quotation : ** Double vision 
which concerns fixation 10° above, and for 
all the field below the horizontal meridian, or 
which concerns the median region of fixation, 
is the most distressing, and calls loudly for 
aid. The office of prisms is usually confined 
to these regions, namely, on the median line, 
or for parts on or below the horizon. In fact, 
to extend their influence over the whole field 
is impossible, becfause the relations of the 
double images become entirely different in 
its different parts, and it is impracticable to 
adapt the prisms to these changes." — [Op. cii,) 
Dr. Stevens makes an important observation 
to the effect that slight vertical tendencies 
(hyperphoria) may modify the adducting or 
abducting power considerably, and mentions 
cases in which marked esophoria in distant 
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vision, and exophoria, or even diplopia, in 
near vision, disappeared after some co-existing 
hyperphoria had been remedied by a slight 
tenotomy. We have seen that Dr. Noyes 
had attributed these conditions to general 
weakness of the ocular muscles, and it is well 
to bear both causes in mind. Dr. Stevens 
finds that the whole of a faulty tendency is 
rarely revealed by a test with prisms, and 
that part still remains latent, which indeed 
might have been expected ; and says that 
** instances of even approximate balancing of 
the eye muscles in anisometropia are rather 
exceptional," and also that hyperphoria is 
generally associated with monocular ambly- 
opia, which he attributes to mental suppres- 
sion of one image during occasional periods 
of diplopia. This reason appears scarcely 
valid, for however legitimate it may be to 
speak of ** amblyopia ex anopsia" in cases of 
complete and long-standing strabismus, we 
can scarcely suppose that intermittent diplopia 
could bring it about. Yet were the diplopia 
persistent, the case would not be one of 
hyperphoria, but of hypertropia. The cause 
is more probably to be found in the same 
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unilateral defect of development as that to 
which the anisometropia and the hyperphoria 
itself are due. Dr. Stevens prefers to per- 
form a very delicate tenotomy for cases of 
heterophoria rather than to prescribe prisms. 
Dr. Webster, following in his footsteps, also 
performs tenotomy, but only when all other 
means have failed and the nervous conse- 
quences of the anomaly are serious. He 
places the eye under the influence of cocaine, 
and tests the muscular equilibrium by prisms 
at intervals through the operation. — (**Oph. 
Review," vii. 363). 

An account of some ingenious devices for 
testing the conjugate tendencies of the eyes 
will be found in papers by Dr. Ward A. 
Holden, of Cincinnati, in the ** Archives of 
Ophthalmology," Sept. 1887, p. 295, and 
Dec. 1887, p. 403. 

Resultant Prisms, as recommended on 
p. 98, are prescribed as follows. Let R be 
the deviating angle of the prism required to 
combine the effects of a vertical and horizontal 
prism : let V be the deviating angle of the 
vertical prism, and H that of the horizontal 
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^to one; then Sin. R = sj ^m.' V + Sin.» H ; 

Tphoria and if r be the angle of rotation from the 

10 per- vertical, 

isesof ^. Sin. H 

bin. r= Q^^ tt. 

insms. ^1^' -^ 

• 2ki ^^^ ^hus obtain both the strength and position 

other of ^ prism whose effect will be the resultant 

onse- of ^^^ other two, and an ordinary table of 

/jg . logarithmic sines makes the calculation a 



une, 
5ms 



very brief one. 
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likelv again to forget them. . . . We have great pleasure in recommending this book as a 
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th's book is the copious bibliography which follows each chapter, and which is well brought 
up to date. Dr. Saundby manages, however, in each chapter to give all the pith of the most 
important papers, and thus saves the reader the trouble of referring to the papers themselves. 
Being, as is well hnown, well posted in foreign medical literature, especially German, he is 
able to furnish his readers with Inf ormation from the original sources, not at second-hand, 
Rs is but too often the case with text-book writers who sometimes are either ignorant of 

German or too lazy to take the trouble of verifying quotations This book meets a 

long-felt want, and will, we believe, have as large a circulation as it deserves. The type and 
paper are very good, and, when necessary, original illustrations are Introduced into the text.'* 
—Birmingham Medical Review, May, 1889. 
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"A new edition of this practical work, in so short a time after the first, is strong evidence 
of its appreciation by the public, and is a source of congratulation to the author. It was 
reviewed in the London Medical Beeord (November, 1884.) and certain suggestions made in that 
review have been acted upon with, we think, manifest advantage to the work. The author 
has materially added to the usefulness of the book by slightly reducing its bulk, and yet, by 
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pass. The time which has elapsed since the first edition is too short to have been attended by 
any startling novelties in surgery, but Mr. Pye has made judicious use of recent additions to 
surgical literature, and the Manual of Surgical Handicraft is likely to prove an useful and 
popular addition to the student's library. The present edition is an advance upon the 
original one, and that is speaking very highly in its lavour."— London Medical Record. 

" Such a rapid sale of the first edition is in itself a strong testimony to the favour with 
which the work has been received by the profession. The book can be recommended as a 
really useful one, containing much practical information, described in a clear and interesting 
way. Recent authorities have been consulted, so as to bring the matter well up to date. The 
illustrations are excellent, and have all the vividness of good life portraits. The presence of 
special chapters on subjects not usually treated of in works of this kind is a distinct advan- 
tage. The present edition is bound in a smaller and more convenient form than its predecessor, 
and is cheaper. It is likely to meet with a rapid BaXeJ*— Edinburgh Medical Journal, 

" The subjects cover the whole range of surgery. The book is an exceedingly good guide 
for those for whom it seems to be intended, and it furnishes not only them but the genentl 
medical practitioner with an excellent book of reference for any emergency which may ariae. 
The matter is well chosen, the style is clear and pleasant, the illustrations are many of them 
new, and the methods of treatment described are fully up to date. It is different in its soope 
from any book on minor surgery with which we are acquainted, and it compares f avoarably 
with them all."— ^ew» York Medical Journal, 

" This useful work is said to be especially designed for Hospital Internes. It could be 
studied with advantage by practitioners. The man who has his time fully occupied with the 
demands of an exacting practice is not apt to give much thought to surgical cases, save under 
very peculiar circumstances. It don't pay ; the responsibility Is too great— the remuneration 
too uncertain. Yet if it be some detail of dressing, some method of manipulating, or some of 
the new variations of daily procedure constantly coming out, about which he seeks informa- 
tion, the above work will be about the only one we know of that will satisfy his requirements." 
- T)ie Cleveland Medical Gazette. 

" We are pleased to greet this new work upon surgical dressings, the more especially as it 
is the most comprehensive work of the kind with which we are acquaintea.'''-ilm«rican 
Western Medical Beporter. 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 






Digitized by VjOOQ IC 



SHORT SIGHT, LONG SIGHT 



ASTIGMATISM 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 




!.#< . 



SHORT SIGHT, LONG SIGHT 



ASTIGMATISM 



AN ELEMENTARY GUIDK TO THE REFRACTION 
OF THE EYE. 



BY 

GEOEGE FREDEEIOK HELM 

M.A.CAHTAB., M.D., r.R.C.S?^' 

rOBMEBLX DEHONSTBATOB OF ANATOHT IN THIS CAHBKISGE 
UBDICAL SCHOOL 



LONDON 
J. & A. CHURCHILL 

11, NEW BUELINGTON STREET 

1886 



Digitized by VjOOQ IC 



HARVARD UNIVERSITY 

SCHOOLOF MEDICINE AND PUBLIC HEALTH 

UBRARY 



/\:L^.F.}^n.^. 



Digitized by VjOOQ IC 



PREFACE 



The object of this book is to place before Students 
and Practitioners an elementary treatise xyn the errors 
of refraction of the eye, and to endeavour to explain 
in simple language their nature and the means 
whereby they may be satisfactorily corrected. 

It is thus intended to serve as an introduction to 
the more advanced manuals on the same subject. 

I regret that I am compelled, having in view the 
scope of the book, to omit all reference to the valu- 
able aid which the direct Ophthalmoscopic Exami- 
nation and Retinoscopy afford us in estimating and 
correcting errors of refraction. 

To Mr Lang, Ophthalmic Surgeon to the Middlesex 
Hospital, I am much indebted for many valuable 
suggestions. 

June l8t, 1886. 
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CHAPTER I 

LIGHT 



1. Eays of light proceeding from an object which 
is situated at a distance of 6 metres (1 metre = 39*37 
inches nearly) or more from the observer are consid- 
ered as proceeding from that object in parallel lines, 
and therefore they fall upon the eye of the observer 
as parallel rays of light (Pig. 1). 

Fig. 1. 



D. 0.= Parallel rays from a distant object. 
N. 0.= Diverging rays from a near object. 

N. 02*= Rays of increased divergence from a nearer object than N. O. 
1 inchsl metre. 

1 
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2 BEFBACTIOK 

2. Bays of light proceeding from an object whicli 
is situated at a distance of less than six metres from 
the observer are considerisd as proceeding from that 
object in lines which diverge, and therefore they fall 
upon the eye of the observer as diverging rays of light 
(Fig.l). 

8. The amount of this divergence increases the 
nearer the object is brought to the eye of the observer, 
therefore the nearer the object is to the eye of the 
observer the more divergent is the direction in which 
the rays from it will fall upon his eye (Fig. 1) . 

4. The amount of divergence of the rays decredses 
the further the object is removed from the eye of the 
observer, and when the object has been removed to a 
distance of 6 metres or more the rays proceeding from 
it are considered as being parallel. 

6. Therefore a distant object is one which, being 
situated at a distance of 6 metres or more, has rays 
of light proceeding from it in parallel lines. 

6. A near object is one which, being situated at a 
distance of less than 6 metres, has rays of light pro- 
ceeding from it in diverging lines, such lines becoming 
more and more divergent the nearer the object is 
brought to the eye of the observer. 

7. Spherical lenses are eithe^ biconvex or bicon- 
cave. Biconvex lenses are called + lenses. Biconcave 
lenses are called — lenses. 

8. Bays of light when passed through a spherical 
lens or through a prism have their direction altered. 
They are then said to have been refracted by the lens 
or by the prism. 
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9. Supposing that parallel rays of light from a dis- 
tant object are passed through a + lens (l, Pig. 2) the 
rays then become refracted and are brought to a point 
at p, and are said to be focussed at p. 

This point v is therefore called the principal focus 
of the lens L (Fig. 2). 

Fig. 2 



D. 0. = Distant obj ect. L. « Lens. F. — Focus. 

10. Eays of light passing through a spherical lens 
or a prism are always refracted towards the thickest 
part of the lens or prism. 

11. The distance between the + lens and its prin- 
cipal focus (p, Pig. 2) will depend upon the degree of 
convexity of the lens. 

12. If the distance between the + lens and p is 1 
metre then the lens is called a lens of 1 metre f ocus^ 
that is, it is a lens which will bring parallel rays to 
a focus at a point 1 metre distant from the lens. 

Such a lens is taken as the unit for calculation, and 
is called a lens of 1 dioptre, or shortly + 1 D. spherical 
lens. 

13. If the distance between the lens and p is only 
i metre, it is evident that a lens which can bring 
parallel rays to a focus at a point ^ metre distant from 
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it must be a lens of twice the refracting power of that 
lens which f ocusses similar parallel rays at a distance 
of 1 metre. 

Hence, a lens whose focus is } metre (50 cm.) dis- 
tant is called a lens of 2 dioptres or + 2 D. 

14. If the distance between the lens and the focal 
point r is J metre then the lens has three times the 
strength of that lens which requires a length of 1 
metre between it and f. Thus : 

A lens of 1 dioptre f ocusses paral- 
lel rays at a distance of . . .1 metre or 100 cm. 
A lens of 2 >> ^^ i metre or 50 cm. 

A lens of 3 » »> ^ metre or 33 cm. 

A lens of 4 ,, „ J metre or 25 cm. 

15. Hence it follows that the distance between the 
lens and its focus, or its focal distance, can always be 
found by dividing 1 metre (=100 cm.) by the number 
of dioptres of the lens. Thus : 

100 cm. 

ID. 

100 cm 



= 100 cm. = 1 met. t= focal distance of -h ID.lens. 



2D. 
100 cm. 



= 50 cm. = focal distance of -h 2 D. lens. 



3D. 

100 cm. 



= 33 cm.= ,, „ of -h 3 D. lens. 



4D 
And so on. 



= 25 cm.= „ „ of -h 4 D. lens. 



16. Therefore the higher the number of the lens 
in dioptres the greater is its power of refracting rays 
of light which pass through it, and so the lenses -h 
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2 D. 4- 8 D. 4- 4 D., have respectively twice, three 
times, and four times the power of a lens of + ID. 

17. If the rays of light pass through a biconcave 
or — lens they are refracted (in accordance with S 
10) towards the thickest part of the lens (Fig. 3). 

Fia. 3. 



D. 0. ^ Parallel rays of distant object. L. = Lens. 

Thus, parallel rays from a distant object, d o, pass- 
ing through a — lens, l, would be refracted towards 
A, the thickest part of the lens, and the focus (p) 
would be situated on that side of the lens on which 
the distant object lies, i.e. between the object and the 
lens. And it would be at that point at which the 
diverging rays. A, would meet if they were continued 
backwards towards the object; and such a focus is 
called a virtual focus. 

18. Hence the more divergent the rays are after 
their passage through the — lens the nearer will f be 
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to the lens, and the more powerful is the lens ; a 
lens of lesser power would cause the rays to diverge 
to a lesser extent, and consequently, if continued back- 
wards, they would meet at a point more remote from 
the lens. 

In Pig. 3 let the parallel rays from d o be refracted 
into the direction of the lines l a. 

Then, the lines a l, when continued backwards, 
would meet at f, which is consequently the virtual 
focus of the lens. 

But if the rays were refracted to a lesser extent so 
as to take the direction of the lin,es l b, then the lines 
B L when continued backwards would meet at Fg, which 
in this case would be the virtual focus of the lens, 
and this lens would in that case be a less powerful 

— lens than one is which would have its virtual 
focus nearer to the lens than f^. 

19. Therefore, in speaking of — lenses, the greater 
the divergence given by them to parallel rays the 
more powerful is the lens ; and in speaking of + 
lenses the greater the convergence given by them to 
parallel rays the more powerful is the lens. 

If parallel rays are passed through a biconcave or 

— lens of — 1 D. they would diverge to such an 
extent that such rays would meet at a point f, situated 
on the same side of the lens as is the object, and the 
point F (i. e. focal point) would be at a distance of 1 
metre from the lens. 

20. Hence (1) a — lens of 1 dioptre has its virtual 
focus for parallel rays at a distance of 1 metre from 
the lens and on the same side of it as is the object. 
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(2) A lens of — 2 D. has its focus ii.t i metre or 50 
cm. and on same side as is the object. 

(3) A lens of —3D. has its focus at J metre or 
33 cm. and on the same side as is the object. 

(4) A lens of — 4 D. has its focus at J metre or 
25 cm. and on the same side as is the object. And 
so on. 

21. And the focal distance of a — lens is found in 
exactly the same way as the focal distance of a + 
lens is found {vide 16) by dividing 1 metre (100 cm.) 
by the number of the dioptres of the lens. Thus : 
100 cm. 
-ID. 
100 cm 



= 100 cm.^1 metre= focal distance of — 1 D. 



-2D. 

100 cm. 



= 50 cm. = focal distance of — 2 D. 



-3D. 
100 cm. 



= 33cm.= ,, ,, of -3D. 



-4D. ~ 25cm.= „ „ of -4 D. 

22. Diverging rays of light proceeding from a near 
object (2) and passing through a — lens, will be 
refracted more than parallel rays passing through the 
same lens would be, because coming from a near 
object they are already divergent rays before they 
meet the — lens, which causes them to diverge still 
further. 

Important points to be remembered are : 

23. That rays proceeding from an object placed at 
a point which is at the same distance from a + lens 
as is its focal point, will emerge from such a lens as 
parallel rays (Pigs. 4 and 5). 
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24. That rajs proceeding from an object placed at 
a point which is beyond the focal point of a lens will 
emerge from that lens as converging rays (Fig. 6) . 

26. That rays proceeding from an object placed at 
a point which is within the focal point of a lens will 
emerge from that lens as diverging rays (Pig. 7). 

It has been mentioned before that parallel rays 
from a distant object passing through a + 1 D. lens 
are focnssed at f distant 1 metre from the lens 
(Fig. 4). • 

26. But if the object be placed at the point o (Fig. 
5) the same distance from the + 1 D. lens that the 
point F is^ say a distance of 1 metre^ then the rays of 
light from o would pass out of the lens as parallel 
rays, because the point o is situated at the exact focal 
distance of the + I D. lens (Fig. 5). 

27. Thus, parallel rays of light (Fig. 4) meet at f, 
and diverging rays of light from an object at f would 
pass out of the lens as parallel rays (Fig. 5). 

28. But if the object be removed further away 
(Fig. 6) from f the focus of the + 1 D. lens (i. e. to a 
distance beyond 1 metre) the rays of light from it 
would no longer pass out of the lens as parallel rays, 
but as the object receded gradually further and further 
away from f so would the rays of light pass out of 
the lens as more and more converging rays ; and when 
the object had arrived at a point o (Fig. 6), distant 2 
metres from the + 1 D. lens (i. e, to a point at double 
the focal distance of the lens) they would have con- 
verged suflSciently to meet at the point f^, which is 
distant also 2 metres from the lens. 
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Fl&. 4. 



D. 0. « Distant object. L. « Lens. F. « Focus. 



Fig. 5. 



0. ss Object situated at tbe same distance from the lens that the focal 
point of the lens is. 
P. R.»s Parallel rays. 

Fig. 6. 



F. — Point which would be the focus of parallel rays passing through L. 
0.:= Object at double the focal distance of the lens L. 
Pj.** Conjugate focus of object at o. 
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29. Hence^ whenever the object is situated at double 
the focal distance of the lens^ the focus of that object 
will also be situated at double the focal distance of 
the lens^ but on the other side of it as at r, (Fig. 6). 
And an object at f, would be focussed at o (Fig. 6). 
So that in such a case the object and its focus can be 
transposed. 

80. The points r, and o are therefore known as 
conjugate foci. 

81. But if the object^ instead of being placed beyond 
the focal point f of a + 1 D. lens^ be now placed as 
at 0^ Fig. Tf a point wUhin the focal distance^ f^ of the 

Fia. 7. 



F,.— Virtual focus of 0. 

lens, then the rays proceeding from o^ a point nearer 
to the lens than is the point f, would fall upon the 
lens as much more divergent rays than if they had 
come from the more distant point f, and consequently 
the lens is not equal to refracting them even into 
parallel rays as it would do if they came from the f ocus^ 



Digitized by VjOOQ IC 



LIGHT 11 

but they would emerge from the lens as diverging rays 
at D and would be lost in space^ and their focus would 
be a virtual one on the same side of the lens as that 
on which the object is situated, say at Pg (Fig. 7). 

Fia. 8, 



To recapitulate— 

A. Let L be a + lens with its focus at o (Fig. 8). 
Then the rays from an object at o will emerge from 
the lens as parallel rays (d o). 

B. Let Oj be an object situated outside (i. e. beyond) 
the f ocaJ point o, and let it be at double the distance 
from L that o is. Then the rays from Og having passed 
through L will be focussed at its conjugate focus Fg 

(30). 

c. Let O3 be an object situated inside [i, e. within) 
the focal point 0. Then rays proceeding from an 
object at O3 after having passed through the lens will 
emerge from the lens as diverging rays. Thus : 

Bays from o the focus emerge from the lens as 
parallel rays. 
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Bays from o^ ontside the focus emerge from the 
lens 849 converging rays. 

Bays from O3 inside the focus emerge from the lens 
as diverging rays. 

But if the object be gradually moved from o^ so as 
to approach the lens, then, in proportion as the object 
approaches 0, so will the rays from it tend to gradu- 
ally assume on the other side of the lens the same 
direction as they would have if they had come from 0, 
and as o is the focus that direction would be parallel. 
And when the object has arrived at o the rays from it 
will then pass out in a parallel direction, because o is 
at the same distance from the lens that its principal 
focus is. 

And if the object be moved from to a point still 
nearer to the lens, then in proportion as the object 
approaches the lens so will the rays from the object 
emerge from the lens with an increasing degree of 
divergence. 

And, vice versa, if we start the object from the point 
O3 the rays from it at starting will emerge from the 
lensas diverging rays; and when the object has arrived 
at the rays will have become parallel on the other 
side of the lens ; and by the time that the object has 
arrived at Og, the parallel rays on the other side of the 
lens will now have become converging with a focus at 
the conjugate focus f^- 
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CHAPTER II 

DEFINITIONS OF EMMETEOPIA, MYOPIA, AND HYPEE- 
METROPIA. 

32. An eye in connection with refraction may be 
considered as made np bf : 

(1) Certain refractive media (cornea, aqueous hnmour, 
lens), which together possess the same power of 
refracting rays of light as does a + lens. 

(2) The retina on which the rays of hght should be 
focnssed after that they have passed through the re- 
fracting media. 

But it is not every eye that possesses this power of 
focussing on the retina the rays of light which have 
passed through the refracting media. That is, there 
exists in some eyes certain errors of refraction which 
prevent the rays of light from being focnssed on the 
retina. 

83. In order to compare errors of refraction in 
different eyes a certain standard of perfection is agreed 
upon. 

A normally refracting eye is one which, when in a 
state of rest (with all efforts of accommodation in 
abeyance, and therefore acting like a simple refrac- 
ting + lens) will focus on the retina the parallel rays 
proceeding from a distant object. 
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84. Such an eye is called an emmetropic eye (Fig. 
9), and its possessors are called emmetropes. 

Fie. 9. — Emmetropic Eye. 



D. 0.— Distant object, rays from which are focussed at F. on retina. 
R.B Retina. 

36. All eyes deviating from the above standard of 
perfection are called ametropic eyes. Ametropic eyes 
are of two kinds. 

86. (a) An eye which, without any effort of the will 
(i. e, acting like a + lens) f ocusses in front of the 
retina instead of on it, the parallel rays from a distant 



D. 0.= Distant ohject^rays from which are focossed at F. in front 

of the retina. 
. B.» Retina. 

object, is called a myopic eye (Fig. 10) and its pos- 
sessor is the subject of myopia. 
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87. (b) An eye which, without any effort of the will 
(i. e. acting like a + lens), focusses behind the retina 
instead of on it, the parallel rays proceeding from a 
distant object, is called a hypermetropic eye (Pig. 11), 
and its possessor is the subject of hypermetropia. 

Fig. 11. — Hypermetropic Eye. 



D. 0.» Distant object^ rays from which are focussed at F. behind the 
retina. 
B. SB Retina. 
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CHAPTER III 

ACCOMMODATION 

It has been shown (83) that the emmetropic eye 
when in a state of rest will focus on the retina 
parallel rays from a distant object, and vision of 
such an object would be distinct. It follows, there- 
fore, that if the emmetropic eye continues in a state 
of rest, the diverging rays from a near object must 
be focussed behind the retina (Fig. 12) and vision of 
such an object would consequently be imperfect. 

Fia. 12. 



D. 0."== Distant object, with parallel rays proceeding from it. 
N. O.^Near object, with diverging rays proceeding from it J 

F.= Focus for parallel rays. 

F2.= Focus for diverging rays from »ro. 

But supposing that the refracting media of the 
emmetropic eye were by some means to be made more 
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convex wlien looking at the near object, then the 
divergent rays from this near object might be f ocussed 
on the retina instead of behind it. < 

This is just what does take place when the emme- 
tropic eye views a near object, for in the eye (whether 
emmetropic or ametropic) there does reside an ability 
to call into play an increase in its refractive power, 
whereby the eye which, at one moment, when in a 
state of rest, can obtain a distinct view of distant 
objects, can now at another moment suddenly view a 
near object. 

But the eye is then considered as being no longer in 
a state of rest, for it accomplishes this vision of near 
objects by altering the shape and position of the lens, 
making the refraction of the eye for the moment more 
powerful, and therefore the diverging rays from a near 
object, which would have been f ocussed behind the 
retina, if the lens had retained the same shape as it 
had when viewing a distant object (Fig. 12) are now 
in consequence of the increased convexity of the lens, 
enabled to be focussed on the retina (44). 

38. This voluntary alteration in the refractive 
power of the eye is called its power of accommodation. 



Digitized by VjOOQ IC 



1 8 BEFUAOTION 



CHAPTER IV 

MYOPIA 

We have seen (36) that a myopic eye is one which, 
in a state of rest (i. e. with no exercise of accommoda- 
tion), f ocusses in front of the retina instead of on it, 
the parallel rays from a distant object. 

89. This error of refraction might arise from three 
causes. 

(a) The myopic eye may be too long in its antero- 
posterior diameter, i. e. from the cornea in front to the 
retina behind, so that the retina is removed too far 
back from the refracting media of the eye ; thus lead- 
ing to the focussing of the rays of light in front of it. 

(b) The refracting media of the eye may be too 
convex, and so they bring the rays too soon to a focus, 
1. e. to a point in front of the retina. 

(c) Too high an index of refraction of the trans^ 
parent media of the eye. 

40. Although some authorities doubt the existence 
of the cause (2 and 3), yet perhaps it may simplify 
future explanations if we regard the myopic eye as one 
which errs in having its refractive media too convex, 
since such a definition at once suggests the general 
remedy for myopia, viz. biconcave or— lenses. 

41. It follows, from the definition of the myopic eye, 
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that sucli an eye is unable to see any object at a 
distance (6 metres or more) because it cannot focus on 
the retina the parallel rays. But if diverging rays are 
presented to a myopic eye, then the refracting media, 
which possess too much convexity for the focussing of 
parallel rays, may have such an extra amount of con- 
vexity as will focus on the retina rays of a certain 
amount of divergency, thereby giving distinct vision 
for them. 

Yet, if the rays of light have too great an amount 
of divergency for the eye under consideration, then 
the rays would be focussed behind the retina, and 
vision would be again indistinct, unless accommodation 
is brought into use. So that in Fig. 13 the rays from 
D (distant object) are focussed at p. 

But the rays from n o (near object) have just that 
amount of divergency as will, so to say, fit the error of 
increased refraction of the eye under consideration, 
and they are focussed at Pg- 

Suppose a book situated at n o, then this myopic 
eye would be able to read the type, and if the book is 
removed a little further /rom the eye than n o, then 
the rays of light would no longer be focussed on the 
retina at Pg, but jijst as the book was removed further 
ofE, so the focus of its rays would recede from the 
retina at p^ and would gradually approach the point 
p. Of course, therefore, vision is indistinct directly 
the type begins to be removed further from the eye 
than N 0. 

42. Hence n o is really the farthest point of distinct 
vision for this myopic eye. 
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43. The far point of distinct vision is spoken of as 
the punctum remotum, or p. r. 

But suppose that the type, which this myopic eye 
can read distinctly when placed at n o, is now brought 
nearer to the eye than n o, i. e, towards n Og. 

44. Then, the nearer it is to the eye the further 
behind the retina is its focus, and vision would again 

Fig. 13. 



be indistinct unless the eye brought its accommoda- 
tion into use, and if by using accommodation the type 
can be read at n Oj : 

46. Then n o^ would be the nearest point of distinct 
vision for this myopic eye. 

46. The near point of distinct vision is spoken of as 
the punctum proximum, or p. p. 

So that, to recapitulate— 

47. In the emmetropic eye the far point of distinct 
vision is at an infinite distance, i. e. at a distance of 6 
metres or more. 

48. In the myopic eye the /or point is at a finite 
distance, i. e. at a distance of less than 6 metres, vary- 
ing according to the amount of the myopia. 

49. That there is a near point of distinct vision both 
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in emmetropic and myopic eyes is tlie result of the 
exercise of accommodation. 

60. But in tlie myopic eye, as the far point may be 
inconveniently near to the eye for reading, &c., of 
course the near point would be still more inconvenient 
for any practical use. 

61. Hence, in myopia of any extent, there is hardly 
any use for accommodation, consequently in myopia 
the ciliary muscle from disuse is usually atrophied. 

62. The accommodation, therefore, in a myopic eye 
is defective from disuse, and if called into play it can 
only be exercised at the expense of great straining of 
the ©ye and other serious results. 

Therefore, as we shall see further on, when remedy- 
ing the myopia by means of spectacles we are always 
careful to select (except in cases of slight myopia in 
young subjects) such lenses as will in their use entail 
no effort of accommodation, with its attendant risks, in 
highly myopic eyes. 

63. The degree of myopia is measured by the 
distance which the punctum remotum is from the 
eye. 

64. If it is distant 50 cm., then the eye has 2 
dioptres of myopia. 

_ 100 cm. (1 metre) ^ ^ 

Because =7^ ^=2 D. 

50 cm. 

If it is distant 25 cm., then the eye has 4 dioptres 
of myopia. 

Because -^^ ^=4 D. 

25 cm. 
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66. So that tte f urtter tte distance of tte punctum 
remotum from the eye the less is the myopia. 

For it is evident that the eye which has its punctum 
remotum at 50 cm. will deviate less from the emme- 
tropic eye (which has its punctum remotum at infinity) 
than does that eye which has its punctum remotum 
at only 25 cm. distance from the eye, and in the 
former case there is myopia of — 2 D. 

^ 100 cm. ^ T^ 

Because -^7: = —2D. 

50 cm. 

And in the latter case there is myopia of — 4 D. 

Because -7r= *= — 4 D. 

25 cm. 

66. Because the error of refraction in myopia shows 
itself by the punctum remotum being at a finite 
instead of at an infinite distance, it follows, that the 
remedy will be to place in front of the eye such a lens 
as will push back the punctum remotum from a finite 
to an infinite distance. 

Suppose that we have a case of myopia of 7 dioptres, 
which is equivalent to saying that the punctum remo- 
tum is at 14 cm. distance from the eye. 

-. 100 cm. - . , , . 

Because — =-jz — = 14 cm. (nearly) . 

In other words, this eye in a state of rest can focus 
on the retina rays of light which have just that 
amount of divergence which those rays have which 
come from an object at 14 cm. distance. 

Now, if a — 7 D. lens be placed in front of this 
myopic eye, it will give to the parallel rays which 
come from an infinite distance just that exact amount 
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of divergence wtict they would tave if they had 
come from the finite distance of 14 cm. — the distance 
at which there is distinct vision in this myopic eye. 

Because -^-i = - 7 D. 

14 cm. 

This eye can now, with a — 7 D. lens, be considered 
as an emmetropic eye, with distinct vision for distant 
objects. 

If this is the desire of a patient with myopia of 7 
dioptres we have theoretically met his wishes by 
means of a — 7 D. lens. 

But in praclrice we find that a lens of — 1 D. or 
- 1-5 D. less than - 7 D. {i. e. - 6 D. or - 55 D) 
would be most suitable because a — 7 D. lens might pos- 
sibly over-correct the myopia, i, e, the focus for distant 
objects, which was originally too far forwards in front 
of the retina, may possibly now, by means of the — lens, 
be pushed too far hack so as to be behind the retina. 

In such a case, the eye by exercising accommodation 
will bring the focus forward again and so put it on the 
retina instead of behind it. 

But for reasons given in 52, 63, one object to be 
aimed at in cases of myopia is to take care that 
accommodation is not called into play. 

67. And, therefore, to ensure against over- correct- 
ing the myopia by means of any lenses, the rule is to 
give in such cases the weakest lens which will give 
distinct vision. 

So that if the patient on being fitted with trial 
lenses has equally distinct vision for distant objects 
with a — 5 D. or — 6 D. or — 6*5 D. or — 7 D. : 
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Then the — 5 D. would be the proper lens for 
distant vision, because it gives the greatest assurance 
against over-correction of the myopia with its conse- 
quent accommodative effort, which we so much wish 
to avoid in these cases. 

68. To show what is meant by over-correcting the 
myopia, let Fig. 14 represent the parallel rays from a 

Fio. 14. 



J), O.^Bays from distant objects. 
F. = Myopic focus of rays from D. O. 
?].= Focus of the oyer-corrected myopia. 

distant object, which would in this myopic eye be 
f ocussed in front of the retina at r. 

But if they were passed through a too powerful 
— lens they would be rendered so divergent that 
they may be now f ociassed behind the retina at f 2, and 
indistinct vision woiild again result from the over- 
correction of the myopia. 

But this patient, by using his accommodation, 
could bring the focus forwards again on to the retina, 
and notwithstanding the over-correcting lens he might 
say that his vision is distinct. If it is so, he must 
have been using his ai^^commodation. 
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69. In order then to test whether, in making this 
statement of distinct viaion, he has been using his 
accommodation, we test him with a — lens of less 
power. Perhaps he will still state that he sees cor- 
rectly — in that case he has been using his accom- 
modation to a lesser extent than he did when tried 
with the more powerful lens. 

So we gradually reduce the power of the trial lenses 
(and each reduction, if accompanied by a statement of 
clear vision, means therefore a corresponding diminu- 
tion of the accommodation used) till we come to a lens 
with which vision is no longer distinct, i, e. the accom- 
modation has been dropped as being no longer of any 
use, and we have brought the focus back to a point 
in front of the retina. 

Wo then revert to the weakest lens, which gave 
distinct vision, and feel sure that the patient^s accom- 
:modation is not being used with it. For the difference 
"between the strongest (over-correcting) lens and the 
weakest lenses with which vision was distinct, must 
clearly represent the power of the accommodation used. 

60. But most myopic patients require something 
more than distinct vision for distant objects. They 
require to be able to read, write, work, &c., at greater 
distances from their eyes than their natural far point 
of distinct vision will allow them to do. 

61. This of course applies to cases of high myopia, 
for where the myopia is slight, say of — 3 D or even 
— 4 D the natural far points would be 

33 cm. (^ = 33 cm.) and 25 cm. (^ = 25 cm.) 
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respectively, at which distances reading can be carried 
on at no inconvenience as far as the distance of the 
book is concerned. 

■Glasses for distant vision only might be required in 
such cases. 

62. But where the myopia is of high degree it may 
at first be thought that the lens which fully corrects 
the myopia for distant objects, would be a proper 
lens for near objects, because the fully-correcting 
lens would have made the myopic eye into an emme- 
tropic eye, and an emmetropic eye can see near 
objects. 

63. But it sees near objects by exercising its accom- 
modation, and in myopia there are two objections to 
depending on accommodation for vision of near 
objects. 

(a) ^^ The fact that in myopia the ciliary muscle is 
wasted and hence there is deficient accommodation, 
whereas a fully correcting lens requires full accommo- 
dation for near vision, and since in myopia the power 
of accommodation is weakened from disease of the 
ciliary muscle, overstraining of the eye would result 
and so cause discomfort, if nothing worse. 

(b) ^^ By a fully correcting — lens the retinal images 
would be so much diminished in size that the patient 
is tempted to enlarge the images again by bringing 
the object nearer, thus doing away with much of the 
benefit which his lenses ought to bring to him," 
{Nettleship.) 

64. Hence in higher degrees of myopia we require 
for distinct near vision such a lens as will place the 



Digitized by VjOOQ IC 



MYOPIA 27 

far point at a greater distance from the eye than at 
which the natural refraction of the eye places it. 

Suppose that we are dealing again with an eye 
which possesses 7 dioptres of myopia, such an eye will 
have its far point at 14 cm. from the eye — 



/lOO cm. . . \ 
(^-^^=14cm.j 



Let us suppose that we require to remove this far 
point to a distance of 30 cm. {vide Figs. 15, 16, 17). 



Fig. 15. 



Diverging rays from 14 cm. focussed on retina. 
Fia. 16. 



Less diverging rays from 30 cm. focussed in front of retina. 

Rays coming from an object at 30 cm. distance will 
have less divergence than they would have if they came 
from an object 14 cm. 
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FlO. 17. 



Increased divergence given by means of lens to rays from 
30 cm., so as to give them the same amount of divergence 
as they would have if they came from 14 cm. ; consequently 
they are f ocussed on the retina, and the far point is 30 cm. 
instead of 14 oa. 



Now, an eye with 7 D of myopia has distinct vision 
for an object distant 14 cm.^ because that is its natural 
far point. 

Hence what we require is to give to the less diverg- 
ing rays from 30 cm. such an increase in their diverg- 
ence as will make them appear as if they came from a 
distance of 14 cm. 

That being done these rays from 30 cm. are now 
properly f ocussed and distinct vision at that distance 
results. 

Now, a — 7 D. lens (which is the fully correcting 
lens in this case) will give to the parallel rays such an 
amount of divergence as they would have if they came 
from a distance of 14 cm. 

But we require to give to the rays a less amount of 
divergence than that ; we only require that they should 
have the lesser divergence of an object at 30 cm. 

Therefore from such a lens as has a focal distance 



Digitized by VjOOQ IC 



MYOPIA 29 

of 14 cm. ( — 7 D.) we subtract that lens whose focal 
distance is 80 cm. (- 3-26 D.). 
Our sum will stand thus : 
-7D. 

- 3-25 D. 

- 3-75 D. 

And a lens — 3*75 D. will be the lens required. 

But the patient should be cautioned against using 
his spectacles to see objects situated at a shorter dis- 
tance than that for which they are adapted (30 cm.) 
because in that case the divergence of the rays from 
the object are increased the nearer it is brought to 
the eye, and such rays would be focussed behind the 
retina, producing confused vision, though by using his 
accommodation distinct vision would be restored, but the 
use of accommodation, we have before said, is hurtful, 
therefore the patient should take care to place his 
work at his allotted distance from the eye, though his 
difficulty in so doing is incressed by the fact that 
there is a constant temptation to overstep his distance, 
because the nearer the object is to the eye the larger 
is the image which he obtains, on his retina. 

Hence watchfulness and attention are required on 
the part of the patient. 

66. To sum up then : 

In young people in whom the myopia is not extreme, 
say — 2*5 D., and in whom in consequence of youth 
the ciliary muscle has not yet had time to become atro- 
phied from disuse, we may in these cases supply 
lenses which fully correct the myopia for distant 
objcts. 
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In these cases we have no hesitation in calling upon 
their accommodation to supply them with distinct 
vision for near objects. 

66. Also in the case of myopia of not above say 
— 7 D. occurring in persons not over twenty-five years 

of age, we may try fully correcting glasses, provided 
they show no signs of disease of the fundus of the 
eye. By giving them fully correcting glasses we rely 
on the accommodation coming into play and giving 
near vision. By wearing these fully correcting lenses 
constantly ^^ the ciliary muscle may be coaxed into 
action^ and may eventually be brought up to the 
normal working power." {Lang.) 

67. In older people in whom the myopia is not 
extreme we may also give lenses which fully correct 
the myopia for distant objects, but with the caution 
that they should not be used for near objects. 

Their myopia not being extreme, their natural far 
point (without lenses) will be situated at a convenient 
distance from the eye for reading, &c. 

68. But in extreme myopia we give glasses in 
accordance with Section 64. 
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CHAPTEE V 

HYPERMETROPIA 

69. In the hypermetropic eye the parallel rays from 
a distant object are focussed behind the retina instead 
of on it, and this error of refraction may theoretically 
arise from three sources (Fig. 18). 

Fig 18. — Hypennetropic Eye. 



D. 0. = Ray8 from distant object. 

F. = Focus of such rays behind retina. 
F 2. = Focus of such parallel rays, brought forwards by 
means of the exercise of accommodation. 

(a) The hypermetropic eye may be too short in its 
antero-posterior diameter, i. e. from the cornea in front 
to the retina behind, so that the retina is moved too 
far forwards, and is too near to the refracting media 
of the eye. 

(b) The refracting media of the eye may not be 
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sufficiently convex ; ttus becoming deficient in refrac- 
tive power they are unable to focus on the retina the 
parallel rays of light from a distant object. 

(c) Too low an index of refraction of the trans- 
parent media. 

70. In all these cases the same thing will happen, 
viz. that the parallel rays of light from a distant object 
meet the retina before they have been sufficiently 
refracted to come to a focus, i. e. the principal focus of 
the eye is situated behind the retina (Fig. 18) and 
vision for distant objects is indistinct. 

71. But if, hefore they meet the refractive media of 
the eye, the parallel rays from a distant object can 
be made to converge somewhat, then the hyperme- 
tropic eye, with its feeble refracting power (70), may 
be equal to focussing on the retina (instead of behind 
it) siich already slightly converging rays. 

In this case the hypermetropia is corrected by the 
lens, provided of course that its convexity is suited to 
the amount of the hypermetropia. 

But though a hypermetropic eye ought not to have 
distinct vision for distant objects, yet we often find on 
testing a patient that his vision appears to be normal, 
i, e. that he can read the Test Type No. 6 Snellen at 
6 metres, and yet he is the subject of hypermetropia. 

How comes it then that this hypermetropic eye, in 
which vision for distant objects on theoretical grounds 
should be indistinct, appears to have normal distant 
vision ? 

The patient has been exercising his accommodation 
(Fig. 18). 
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In the emmetropic eye accommodation is used only 
for the purpose of focussing the diverging rays from 
a near object, but in this hypermetropic eye it has 
been used for focussing the parallel rays from a distant 
object. 

72. In order to test this statement we place the 
patient at a distance of 6 metres from the test types, 
and we find his vision = f , i. e. is apparently normal 
for distant objects. We then place before his eyes 
say a + 0*5 D. 

His vision, we will suppose, is still ^. 

We then continue to place before the eye + lenses 
of gradually increasing power, till we come to a lens 
with which the patient can no longer see f . 

We then revert to the highest lens with which the 
vision was still -|, and this lens is a measure of the 
manifest hypermetropia. 

73. Supposing this lens to be a lens of + 2*5 D., 
then the patient has 2*5 dioptres of manifest hyper- 
metropia or H. m., as it is usually written. 

We have thus far learned that the eye under con- 
sideration is not an emmetropic eye which focusses on 
the retina parallel rays from a distant object. For if 
it were an emmetropic eye, these + lenses should have 
so increased the refraction of the rays that they would 
have been focussed in front of the retina — causing 
indistinct vision. 

74. We will now paralyse the patient's accommoda- 
tion by means of atropine, and on applying test lenses 
we find as the result of the paralysis of his accommo- 
dation that now he has distinct vision for distant 

3 



Digitized by VjOOQ IC 



34 BBFBACTION 

objects, even though say a + 4 D. lens is given him, 
i. e. his 2'5 D. of manifest hypermetropia are now in- 
creased to 4- 4 D. of total hypermetropia. 

The paralysis of accommodation has disclosed 1*5 
dioptres of hypermetropia which were previously not 
manifest. 

76. Such hypermetropia is called latent hyperme- 
tropia, or H. 1. 

Hence the total hypermetropia of any eye always 
= H. m. + H. 1. (manifest hypermetropia + latent 
hypermetropia = Total hypermetropia) . 

76. The latent hypermetropia is the result of a tonic 
spasm of the ciliary muscle, and arises in consequence 
of the accommodation of the eye being constantly 
used for the purpose of obtaining distinct vision for 
distant objects ; hence the ciliary muscle is always in a 
state of tension. 

77. Supposing that we consider an eye with a total 
hypermetropia of 6 dioptres, such an eye would 
require to exercise 6 D. of accommodation in order to 
focus on the retina the parallel rays from a distant 
object, i, e. it would only have distinct distant vision 
at the cost of the consumption of 6 D. of accommoda- 
tion. 

78. Now, accommodation is intended to be used 
for the purpose of giving distinct vision for near 
objects, and notrfor the purpose of distant vision. 

79. How then will this irregular consumption of 
his accommodation affect this hypermetrope's near 
vision ? 

Clearly if 6 D. of accommodation are spent in 



Digitized by VjOOQ IC 



HTPEBMBTBOPIA 35 

securing distant vision, his accommodation whicli is 
left for near objects is less by that amount which he 
has used for distant vision, i. e. in this case 6 D. 

And supposing the hypermetrope to be thirty years 
of age, at which age there is usually only about 6 D. 
of accommodation, then this hypermetrope would have 
no accommodation at all remaining for near vision, and 
would simply have clear distant vision. 

80. Hence the effect of hypermetropia on near vision 
depends not only on the amount of hypermetropia, but 
also upon the amount of accommodation which the 
patient has remaining according to his period of life. 

81. But the amount of acconmiodation varies with 
age, for at 

10 years the accommodation remaining is 14 D. 
20 „ „ „ 10 D. 

30 „ „ „ 7D. 

It is clear, therefore, that if the hypermetropia be 
moderate in amount and the patient young, i, e. with 
a great amplitude of accommodation, then the hyper- 
metropia will be of little inconvenience, as the patient 
by reason of his youth would be the possessor of such 
an amount of accommodation that he can afford to 
spend some in correcting his hypermetropia (i. e. for 
distant objects) and still have sufficient remaining to 
spend in securing distinct near vision. 

Thus suppose we have 4- 3 D. of hypermetropia in 
a child ten years of age with 14 D. of accommodation. 
It is clear that he would have II D. of accommodation 
(14 D. — 3 D.) for near vision. So he would have 
enough accommodation and some to spare. For 11 D. 
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of accommodation would place his near point at 9 cm. 
(1^0=9 cm.). 

But when lie has arrived at thirty years of age his 
accommodation will naturally have decreased to 7 D. 
(81) and in this case, allowing + 3 D. f or his hyperme- 
tropia, he can only have 4 D. of accommodation remain- 
ing, i. e. his near point will have receded to 25 cm. 

In fact he will have become presbyopic at thirty 
years of age, since presbyopia is considered to com- 
mence when the near point has receded beyond a dis- 
tance of 22 cm. from the eye. 

82. But in making the calculations which we have 
done in the preceding paragraph (81) we have 
assumed that these hypermetropes have used all their 
accommodation, but it must be borne in mind that the 
habitual use by any eye of the whole of its possible 
accommodation may be attended with very evil conse- 
quences. 

83. So that for the comfortable use of sustained ac- 
commodation at any distance, the eye must always have 
a portion of its accommodation unused, i. e. in reserve ; 
such reserved accommodation is only to be used on 
special occasions and for short periods, and conse- 
quently if in the case cited (81) we allow for the 
accommodation which is required to be held in reserve, 
this boy of ten years of age with 3 D. of hyperme- 
tropia may have at his command, for sustained vision, 
only say 8 D. of accommodation instead of 11 D., and 
by the time that he is thirty years old there may be 
none at all remaining for near vision, after his 3 D. of 
hypermetropia has been provided for. 
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84. Therefore even in cases of hypermetropia of low 
degree the error had better be corrected, in order to 
avoid the consequences which may follow on the use 
of the whole of the accommodation which the eye is 
capable of exercising, and although in these cases 
nothing may occur to draw the patient's attention to 
any error in his sight, for so long as his accommodation 
continues vigorous it may suffice for giving him a 
distinct vision for both distant and near objects, yet 
when anything occurs to diminish the vigour of such 
accommodation, as ill- health or increasing years, with 
its natural failure of accommodation, then the balance 
of the patient^s accommodation left over after the 
focussing of distant objects had been provided for, 
and which formerly sufficed also for focussing near 
objects, is now no longer sufficient for that purpose ; 
and a person who up to the time of the occurrence of 
an illness had not noticed any failure of sight, is now 
often unable to see near objects distinctly. 

The illness, by weakening the power of the over- 
acting ciliary muscle, has revealed the existence of 
the hypermetro'pia. 

86. At first sight the correction of hypermetropia 
would seem to be comparatively easy, viz. to give the 
highest + lens which corrects the total hyperme- 
tropia, thus converting the eye into an emmetropic 
eye — with distinct distant vision, without any accom- 
modation — and if a near object is required to be 
viewed, then by bringing the vigorous and hyper- 
trophied ciliary muscle into play, the diverging rays 



Digitized by VjOOQ IC 



38 REFRACTION 

from the object would then be duly focussed on the 
retina by the aid of the resulting accommodation. 

But in practice, except in cases of young persons 
with slight hypermetropia and vigorous accommoda- 
tion, it is found best not to correct the whole of the 
total hypermetropia, but to order such lenses as will 
not correct quite all of it, and thus leave the eye to 
make a partial use of its accommodation. 

86. The experience of ophthalmic surgeons prompts 
them to adopt somewhat varying rules, but the 
following will probably lead to satisfactory results : 

(1) Ascertain the amount of manifest hypermetropia 
and add 1 D. as representing the latent hyperme- 
tropia; or, better — 

(2) Ascertain the amount both of manifest and 
latent hypermetropia, aud then we may follow the rule 
laid down by Donders. — 

^^ That we should prescribe such glasses as correct 
the whole of the H. m. and one fourth of the H. 1." 
{Hartridge,) 
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CHAPTER VI 



PRESBYOPIA 



87. Presbyopia is considered by many opbtbalmic 
surgeons as commencing whenever the near point of 
distinct vision has receded beyond a distance of 22 
cm. from the eye. 

88. This being quite an arbitrary standard, a more 
scientific statement would be to say that presbyopia 
commences whenever the near point of distinct vision 
recedes beyond the most convenient working distance. 
And in this case it is evident that its commencement 
will vary according to the occupation as well as with 
the age of the patient. For correcting presbyopia 
on this basis see 106. Inasmuch then as the arbi- 
trary fixed standard for the commencement of pres- 
byopia (22 cm.) has the merit of simplicity, and also 
renders a clear description of presbyopia more easy, 
we shall base our remarks on the supposition that 
presbyopia commences when the near point of vision 
has receded beyond 22 cm. from the eye, but we shall 
also give directions for its calculation and correction 
on the basis of its varying with the occupation and 
age of the patient (96). 

In presbyopia, then, the near point recedes further 
and further from the eye in consequence of a gradual 
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decline in the power of accommodation — a decline 
which is the result of a decrease in the elasticity of 
the lens, accompanied probably by a diminution in the 
power of the ciliary muscle, and as accommodation 
mainly consists in an increase in the curvature of 
the lens, induced by the action of the ciliary muscle, 
it follows therefore that by reason of increase of age, 
not only is the lens, on account of its increasing 
firmness, less capable of responding to calls made on 
it to increase its curvature, but also that thp ciliary 
muscle is less potent for calling such increased curva- 
ture into play. 

Hence the power of accommodation must necessarily 
decrease with advancing years. 

This gradual decline in the power of accommodation 
is supposed to commence at the age of ten years, at 
which age the eye possesses 14 D. of accommodation ; 
at the age of twenty it has declined to 10 D., an 
amount of accommodation which would place the near 

point at 10 cm. from the eye, because -.^ -p. =10 cm. 

At forty years of age the eye has only 4*5 D. of 
accommodation left, which would place the near point 

at 22 cm., because -nr = 22 cm. 
45 

89. At forty years of age then the eye has arrived 
at the starting-point of presbyopia, as the power of 
its accommodation has declined to 4*5 D., and con- 
sequently the near point has receded to 22 cm. 

100 00 
7-^ = 22 cm. 
4*5 
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90. At about sixty-five years there is no power of 
accommodation at all remaining, and a patient of that 
age will require a + 4*5 D. lens in order to replace 
that loss of accommodation which has taken place 
since he was forty years old. 

91. Thus in an emmetropic eye presbyopia may be 
said to consist in a gradual loss, between the ages of 
forty years and sixty-five years, of 4*5 D. of accom- 
modation. 

92. This disappearance of the 4*5 D. of accommo- 
dation has taken place at a regularly graduated pace, 
for 1 D. disappears with every five years added to the 
age of forty. 

The oculist therefore has to dole out to his patient 
1 D. of accoramodation every five years, and he does 
this by placing outside the eye that amount of accom- 
modation which has been lost, so to say, from the 
inside of the eye. 

In fact, he supplies the missing accommodation in 
the shape of that + lens which will exactly equal the 
amount of the missing accommodation, every 1 D. lost 
being eflEiciently replaced by a + 1 D. lens. 

93. At forty-five years there has been lost -f 1 D. 
of accommodation, therefore a + 1 D. lens will be 
required outside the eye to replace the 1 D. which has 
been lost. 

At fifty years there have been lost + 2 D. of 
accommodation, and therefore a + 2 D. lens will be 
required outside the eye to replace the + 2 D. which 
has been lost. 

At fifty-five years there have been lost + 3 D., and 
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therefore a -f 3 D. lens will be required to replace 
it. 

At sixty years there have been lost + 4 D., and 
therefore a -f 4 D. lens will be required to replace it. 

At sixty-five years (about) all accommodation has 
disappeared, and therefore a + 4*5 D. lens will be 
required to replace it. 

Such a patient at sixty-five years of age, having 
lost all accommodation, will have no point of near 
vision, though his distant vision may remain perfect. 

94. Sometimes, however, distant vision becomes 
impaired by age chiefly in consequence of the lens 
becoming less convex, in which case the eyes may not 
be capable of focussing, as they used to do, the 
parallel rays from a distance ; such rays would conse- 
quently be focussed behind the retina as in hyperme- 
tropia, and the patient is then said to have a species 
of hypermetropia which is known as acquired hyper- 
metropia. 

96. In all the instances given in (93) it will be seen 
that in an ordinary case of presbyopia a simple sub- 
traction sum has to be done if we wish to supply the 
proper correcting lens. 

(a) Find out that lens whose focal distance is the 
required near point, e, g. if the required near point of 
vision is 22 cm., then the lens required is -f 4*5 D. 



C^=-^-)- 



(b) From that lens subtract the amount of accom- 
modation which remains for the age of the patient 
under consideration. 
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Say the age is fifty-five years. At that age the 
accommodation remaining is + 1*5 D., for, since the 
age of forty, when he had remaining 4*5 D. of accom- 
modation, he has passed through three spaces of five 
years each, and during each space he has lost H- 1 D. 
of accommodation. Hence his total loss is -f 3 D., and 
if 3 D. be subtracted from 4*5 D., he therefore has 
remaining 1*5 D. of accommodation, or, to put it in 
figures, — 

Lens representing required near point . . 4*5 
Accommodation lost since forty years . . 3 

Accommodation remaining at fifty-five years -f 1*5 D. 

(c) Then having found the accommodation remain- 
ing, subtract (b) from (a). 
Thus at fifty-five years 

Required near point (a) 4*5 

Accommodation remaining at fifty-five years (b) 1*5 

Lens required + 3 D. 

96. It must be remembered, however, that for 
special occupations the near point may be required to 
be at some other distance than 22 cm., and then the 
terms of the sum will have to be varied accordingly. 

Suppose the near point is required to be at 40 cm. 
instead of 22 cm. 

Then ^ = 2-5 D. 
40 

Therefore with a patient of fifty-five years our sum 

will be varied as follows : 
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Lens representing required near point . . 2*5 D. 
Accommodation remaining at fifty-five years 1*5 

Lens required + 1 D. 

But in all cases it is in practice found best to give 
a lens a little below the fully correcting power as found 
by the above method. 

To repeat — an emmetropic eye is one which in a 
state of rest (i. e. exercising no accommodation) has 
distinct vision for the parallel rays from distant 
objects, but such an eye, by bringing into play its 
power of accommodation, is able also to have distinct 
vision for the diverging rays from a near object. 

Hence such an eye has a distant point of distinct 
vision and also a near point of distinct vision. 

But as age advances there is a gradual diminution 
in the extent of this accommodating power of the eye, 
the result of which is that as years go by the near 
point of distinct vision recedes further and further 
from the eye in proportion to the decrease of the 
power of accommodation, and the same type which at 
a distance of 22 cm. could be read distinctly by a 
person of forty years of age, would, when the reader 
is fifty years old, have to be held at a distance of 40 
cm., in order to be seen as clearly as it was seen ten 
years previously. Such a condition of things is called 
presbyopia. 

Of course if the size of the type is gradually in- 
creased according to the gradual disappearance of 
the accommodation, it could still be read at 22 cm. 
And this is what most presbyopics do. 
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In order to delay taking to the use of spectacles, 
they take to using large print, rejecting the smaller 
type, till it becomes rather diflEicult to supply them 
with the type which they like, and then they are 
driven as it were to spectacles, which practically make 
their small type into large type. 

The explanation of this necessity for moving the 
type further and further from the eye as age advances, 
is that the further the type is from the eye the less 
divergent are the rays proceeding from it to the eye, 
and since they are less divergent, less accommodation 
of the eye is called for in order to focus such rays on 
the retina. 

This is just what such an eye requires in advancing 
years, because it possesses less and less power of 
accommodation. 

Thus presbyopic persons meet their loss of the 
power of accommodation by making less demand on 
that power, or, in other words, by moving the type 
further off, they supply to the eye rays of just such 
an amount of divergence as they know by experience 
that their eye can focus on the retina. 

97. Inasmuch as in presbyopia the near point 
gradually recedes by time-regulated stages it follows 
that if the rate of decrease of accommodation is 
known, as well as the patient's age, we can also know 
what is the amount of his presbyopia (assuming of 
course that it commences at 22 cm.) or if his pres- 
byopia is known, his age can be approximately fixed. 

98. But the above statements only apply of course 
to the emmetropic eye, for it is clear that presbyopia 
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will be considerably modified both as to the time of its 
commencement and the rate of its progress^ according 
as the eye was originally myopic or hypermetropic. 

99. In hypermetropia, for instance, suppose there is 
+ 2 D. of hypermetropia. 

That will clearly mean that + 2 D. of accommo- 
dation has been consumed by the eye, in order to 
focus distant objects. 

It follows then that during all the time which the 
hypermetropia has existed, the eye has had + 2 D. 
less of accommodation for near objects than has an 
emmetropic eye of the same age — or in other words, 
the accommodation for near objects is less by the 
amount which has been expended on distant objects, 
viz. + 2 D. 

And if the emmetropic eye at the age of forty years 
has + 4*5 D. of accommodation remaining, and there- 
fore placing its near point at 22 cm. ( j-^rfi = 22 cm. j ; 

it follows that at the same age the eye with -f 2 
D. of hypermetropia will only have 2*5 D. of accom- 
modation remaining for near objects, instead of the 
4'5 D. which it ought to have, because, although its 
total amount of accommodation is not less than in an 
emmetropic eye of the same age, it has applied its 
accommodation differently, part having been applied 
to distant objects, whereas the whole of it ought to 
have been expended on focussing near objects. 

Consequently at forty years of age this eye with 
+ 2 D. of hypermetropia has only 2*5 D. of accom- 
modation remaining which it can apply to a near 
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object, and its near point will therefore be at 40 cm. 

( o.K 71 ' ~ ^^ ^^' )> ^t^reas an emmetropic eye of the 
same age, with its 4*5 D. of accommodation, would 
have its near point at 22 cm. ( , ^. -p. ' = 22 cm. 1 . 

So that if presbyopia is considered as commencing 
when the near point is beyond 22 cm., then this 
patient with + 2 D. of hypermetropia has really been 
presbyopic for some time previously to attaining forty 
years of age, whereas at forty years the emmetropic 
eye is only just beginning to assume presbyopia. 

100. Hence we find that in hypermetropic eyes 
presbyopia must commence at a much earlier age than 
it does in emmetropic eyes. 

101. Therefore, in making our calculations for pres- 
byopia occurring in a hypermetropic eye, it is evident 
that we must make due allowance for the hyperme- 
tropia, and this can be done (1) by correcting the 
hypermetropia, i. e. by converting the hypermetrope 
into an emmetrope; and then (2) by treating his pres- 
byopia as we should treat it (96) if there was no 
hypermetropia existing, which is equivalent to saying 
we must add to the lens which represents the hyper- 
metropia that lens which would suit an emmetrope 
with presbyopia. 

Thus in the case we have considered of hyperme- 
tropia + 2 D. in a patient fifty-five years the lens 
required would be -f 5 D. instead of -f 8 D. which 
would be required if his eye were emmetropic. The 
calculation would be : 
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Lens representing near point required • 4*5 D. 
Accommodation remaining at fifty-five years 1 • 5 

Lens required for an emmetrope . . . .-f 3 D. 
Add on + 2 D. liypermetropia 2D. 



Lens required allowing for the + 2 D. of 

hypermetropia + ll D. 

102. In the myopic eye everything is the reverse, so 
to say, of the hypermetropic eye. Suppose we have to 
deal with a case of — 4*5 D. of myopia. 

That means that the patient^s far point of distinct 

vision is 22 cm. v^^ -p. = 22 cm. j. Therefore he re- 
quires to exercise no accommodation in order to see at 
22 cm. 

Hence the total loss of his accommodation can never 
make any difference to him, for he will always be able 
to see distinctly at 22 cm., which is his far point, 
therefore he can never become presbyopic. 

Of course if the myopia is of a higher degree than 
— 4*5 D. it is still more impossible for him ever to 
become presbyopic. 

A patient therefore with — 4*5 D. or more of 
myopia can never become presbyopic, and in cases of 
myopia of less than — 4*5 D. the date of the com- 
mencement of presbyopia is necessarily postponed — 
in comparison with the date of its commencement in 
emmetropes. 

For just as myopia is the reverse of hypermetropia, 
and as the hyp^rmetrope, when wishing to use his 
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accommodation for near vision, starts at a disadvantage 
in comparison with an emmetrope, because his far 
point from which he starts is beyond infinity, i, e, six 
metres ; so, on the contrary, the myope, in comparison 
with an emmetrope, starts for the near point with an 
advantage, because the far point from which he starts 
is nearer than infinity — ^how much nearer will depend 
on the amount of his myopia. 

103. As the disadvantage of the hypermetrope, in 
connection with presbyopia, is measured by the amount 
of his hypermetropia, so the advantage of the myope 
is also measured by the amount of his myopia. 

A myopic eye, therefore, before it could be the 
subject of presbyopia, must lose, in the run for the 
near point, all the advantage which its myopia gave it, 
and as this advantage is measured by the amount of 
the myopia, it follows that in remedying presbyopia 
in a myopic eye we must do exactly the reverse of 
what we did in hypermetropia. 

In the hypermetropic patient, by first correcting 
hia hypermetropia, before proceeding to deal with his 
presbyopia, we virtually deprived him of the dis- 
advantage, in connection with the near point, which 
his hypermetropia gave him, his far point having been 
heyond infinity, of course. 

Similarly, in a case of presbyopia occurring in a 
myope, we proceed to deprive him of the advantage 
in connection with the near point which his myopia 
gives him ; that is, we first correct his myopia and 
then treat his presbyopia as we should do if he was 
an eminetrope. 

4 
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This is equivalent to saying that we must subtract 
that lens which represents his myopia from the lens 
which would suit an emmetrope of the same age. 

Therefore, in a case of myopia — 2 D. in a person 
aged fifty-five years, we should work as follows : 

Near point required 4*5 D. 

Accommodation remaining at fifty-five years 1*5 

Lens required if there was no myopia . +3 D. 
Subtract the amount of myopia , . . —2D. 



Lens required + 1 D. 

or, which amounts to the same thing, correct the 
myopia by — 2 D. lens ; then correct the presbyopia 

•f 3 D., and -f 8 D. - 2 D. = -f 1 D. 

104. It follows, from what has been said above, that 
as the hypermetrope has a disadvantage and the 
myope an advantage in connection with presbyopia, 
so in hypermetropia we have presbyopia commencing 
early, and in myopia its advent is delayed, the varia- 
tion in each case depending on the amount of the error 
of the refraction. 

Hence the origin of the popular idea that sliort- 
sighted persons are also strong sighted, by which is 
meant that they are longer in showing the result of 
the failure of their accommodation. 

105. Table of amount of presbyopia in an emme- 
tropic eye : 



Digitized by VjOOQ IC 



' \ 



PEBSBYOPIA 


5] 


Distance of near 

vision. 

em 

22 


Lens reqnired to bring near 
points to 82 cm. 

+ 


28 


+ 1D. 


43 


+ 2D. 


67 


+ 3D. 


200 


+ 4D. 


Infinity 


+ 4-5 D. 



Age. 

40 
45 
50 
55 
60 
65 

106. If we prefer to regard presbyopia, not as com- 
mencing wlien the near point lias receded beyond a 
given fixed unvarying distance, but as presenting 
itself whenever the near point has receded to an incon- 
venient distance, and this, as said before, is a more 
scientific view to take of it, then the method for its 
correction will vary somewhat from that previously 
described. 

The first thing to do is to find out at what dis- 
tance from the eye the near point is in any given 
case. 

The near point, or punctum proximum, is that point 
at which Snellen^s No. 5 Type and Jaeger's No. 1 Type 
can be clearly read. We will suppose then that the 
near point is at a distance of 50 cm. from the eye, and 
that the patient requires to be able to read at a dis- 
tance of 25 cm. 

Now, it is clear that what we have to do is to bring 
the near point from 50 cm. distant to a point 25 cm. 
distant. 

It is equally clear that to bring the near point from 
infinity to 50 cm. involved the exercise of 2 D. of 

accommodation, because k^t = 2 D. 
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It is equally clear that to bring the near point from 
infinity to 25 cm. would involve the exercise of 4 D. 

of accommodation, because -^ = 4 D. 

Therefore if we increase the accommodation by the 
amount which it fell short of in its effort to bring the 
near point to 25 cm., we shall have accomplished 
the desired end, and shall have remedied the pres- 
byopia. 

Hence the difference between the patient's actual 
near point and his desired near point will measure the 
deficiency of his accommodation, and therefore in the 
above case as 

25 cm. = 4 D. of accommodation, and 
50 cm. = 2 D. of accommodation, 
therefore + 2 D. of accommodation is the differ- 
ence between the actual near point and the one 
desired, and a + 2 D. lens would bring the near point 
to 25 cm. 

It is evident that there is a much greater amount 
of elasticity about this system of correcting presbyopia 
as compared with its fixed definition as commencing 
at 22 cm., since it is capable of being varied to suit 
every kind of requirement. 

For the difierence between the two points being 
found, that difference accurately represents the accom- 
modation which has been lost, and which it is required 
to replace. 

Any existing hypermetropia or myopia must of 
course be corrected previously to finding out the near 
point, and will have to be allowed for when calculating 
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the lens required, just as was done under the fixed 22 
cm. method, viz. by adding the lens which corrects 
the hypermetropia and subtracting that which repre- 
sents the myopia. 
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CHAPTER YII 

ACUTENESS OF VISION 

107. In order to compare tlie vision of one person 
with that of another, or to be able to note the exact 
amount of improved vision which any patient receives 
at our hands, it is necessary that we should have a 
generally accepted standard of vision. Such a standard 
would then be regarded as the standard of normal 
vision. 

108. The standard, then, of normal vision which is 
generally accepted is that a normal eye should see 
clearly any object which subtends an angle of 5 
minutes, i, e. which subtends the visual angle. 

And, taken in connection with the test types gene- 
rally used, what is meant by a statement that the 
object to be seen by the normal eye must subtend an 
angle of 5 minutes ? 

109. Before answering this question we must under- 
stand what the visual angle means : 

It is well known that the retina receives on its 
surface an impression of an inverted image ot any 
object which is f ocussed on it, i, e, the axial rays from 
an object cross and are refracted by the surface of 
the cornea, the front surface of the lens, and the front 
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surface of the vitreous, so that they cross one another 
at the point n, Fig. 19, which is called the nodal point, 
and then form the inverted image on the retina. 

The angle at n is called the visual angle and is an 
angle of 5 minutes. 

It is evident that if d o. Fig. 19, be an object situated 
at a distance of 6 metres from the nodal point n of the 
eye, which is emmetropic, it would form an impression 
D on the retina. And if the angle at n is an angle 
of 5 minutes, then an object of the size of n o subtends 
an angle of 5 minutes, and if it be removed still 
further ofE to 

D9 O9 at a distance of 9 metres, or to 

^13^12 ^» i> 12 metres, or to 

I>i8 0i8 yy yy 18 metres, 

and at the same time were to become increased in 

size (as in Fig. 19) in proportion to its increased 

Fm. 19. 



distance from n, it will in each case still continue to 
subtend an angle of 5 minutes. 

110. Hence, if d were a letter in the test type and 
of such a size as would subtend an angle of 5 minutes 
at N, it will be focussed on the retina with distinct 
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Vision if the eye is emmetropic, and would be known 
as No. 6 type, and we should state that the vision was 
normal by the formula that 

-y- _ 6 metres (or distance at which the type is 
6 type : read divided by the number of 
= 1. the type) 

Or, in the same way, we should say of a smaller 
letter that vision was normal because 
^ _^ 5 metres 
' "" 5 type. . 
= 1. 

And so on for still smaller letters at decreasing 
distances. But it is not safe to rely upon this test at 
less than 3 metres distance, because the accommoda- 
tion of the eye may be brought into play in reading 
the types at shorter distances. 

The test types usually employed are Snellen^s. 
They of course should be exposed to a good light when 
we are testing acuteness of vision, and in anything 
like a prolonged period of testing we ought to have 
a duplicate set of letters on the reverse side of the 
board, as patients are often very quick at learning 
their letters. 

111. It will be evident then that in any given eye 
the exact position of the nodal point n is of great 
importance as regards the refraction power of that 
eye ; and that if from any circumstances the position 
of the nodal point should be shifted either nearer to 
or further from the cornea, that very great conse- 
quences will result from such a shifting. We will only 
take notice of the following. 
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112. In Pig. 20 let n represent the nodal point in a 
myopic eye, a point placed nearer to the cornea than 

Fig. 20. 



N.s Nodal point in myopic eye. 

N3.S Nodal point in hypermetropic eye. The nodal point in an em- 
metropic eye would be situated somewhere between N 
andNj. 

it is in an emmetropic eye, and let Ng be the nodal 
point of a hypermetropic eye, placed further away 
from the cornea than it is in an emmetropic eye. 

It is clear that the angle at n in the myopic eye 
will be a larger angle than is the angle at Kg in the 
hypermetropic eye. 

113. Hence in the myopic eye, with its anterior 
nodal point, the object d o will form a larger image 
D on the retina than it does in the case of the hyper- 
metropic eye with its posterior nodal point. (The image 
of the hypermetropic eye is represented by the dotted 
line.) 

In an emmetropic eye the nodal point would be 
situated somewhere between the points n and n^ and 
hence its image on the retina would be intermediate 
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in size between that of the myopic and hypermetropic 
eye. 

114. Hence the correctness of the statement that 
myopic eyes have larger impressions of a given 
object than the emmetropic or hypermetropic eye has; 
and this is shown practically^ for it is a matter of 
frequent observation that a short-sighted person is 
what is popularly called a strong-sighted person^ that 
is to say^ if we start an emmetrope and a myope to 
look for a small object dropped on the carpet^ the 
chances are that the myope will find it first, because 
the larger image of the object which he receives 
on his retina gives him an advantage. 

115. It is well known that biconvex lenses enlarge 
and biconcave lenses diminish the images received on 
the retina. This somewhat follows from what we have 
written as regards the size of the images in hyper- 
metropia and myopia (113) (114). 

It will be seen clearly, therefore, if the nodal 
point is by any means brought forwards (compared 
with the position of it in the emmetropic eye), it 
necessarily follows that we have placed the nodal 
point in the same forward position which it occupies 
in myopia, and hence that the visual angle at n will 
have been made larger, and therefore (112) that the 
image on the retina has become enlarged. 

A convex lens, by giving convergence to the rays 
before they meet the cornea, will of necessity bring 
forward the nodal point and so give us an enlarged 
image on our retina. 

Hence the + lens has magnified the image for us. 
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116. It follows, therefore, that a concave lens does 
the reverse of a convex lens, and therefore a — lens 
in front of the eye will displace the nodal point further 
back from the cornea and thus diminish the visual 
angle k. 

Hence, the image received on the retina will be 
diminished in size. 

117. This fact of the smallness of the image which 
we receive when looking through — lenses explains one 
of the reasons why, when fitting myopic patients with 
— lenses> we do not always give them the fully correct- 
ing lens. 

Such a lens would often so diminish the size of the 
letters of a book that the patient, in order to enlarge 
the size of the image on his retina, will perhaps 
bring the book close up to his eyes. Thus, a too 
powerful — lens will, in this case, have created over 
again the very mischief for the correction of which it 
was originally supplied. 



Digitized by VjOOQ IC 



60 



BEPRACTION 



CHAPTER YIII 

PBISMS AND CYLINDBICAL LENSES 

118. Bays of light when passed througli a prism 
are refracted towards the thickest part of the prism. 
Thus in Fig. 21a ray of light a b meeting the sur- 

Fio. 21. 




face of the prism at b will then be refracted to the 
position of b c, and at c again it will be refracted in 
the direction of on, and though the ray proceeded 
from A, yet an observer at d would refer such a ray 
to the point b, i. e. to a point representing d c pro- 
longed. 

119. If we place two prisms together so that their 
bases are adjacent we practically manufacture a con- 
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vex lens as in Pig. 22, when the rays from a a 
will be focnssed at d. 

Fig. 22. 



120. Similarly if we reverse the position of the 
prisms, placing their bases upwards so that their apices 



Fig. 23. 



are adjacent. Fig. 23, we practically manufacture 
a concave lens ; for as each prism refracts the rays 
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towards its base, i. e. towards the tldckest part, the 
two when placed with their apices adjacent will cause 
the rays of light to diverge as if they had passed 
through a concave lens. 

We have thus far considered + and — spherical 
lenses; and for the purposes of this book we need 
only to take cognisance of three kinds, viz. : 

(1) + spheres or biconvex lenses, i. e. with both 
surfaces convex. 

(2) — spheres or biconcave lenses, i. e. with both 
surfaces concave. 

(3) Cylindrical lenses, convex and concave. 

If we hold a spherical biconvex lens vertically in 
front of our eye, and at the level of it, we may con- 
sider the lens as having (1) an upper or north point; 

Fia. 24. Fig. 25. 



Biconvex or + lens. Biconcave or - lens. 

(2) a lower or south point ; (3) an east point ; and (4) 
a west point ; and if we move our finger vertically 
from north to south over its distant surface we note 
that this vertical meridian is curved or convex ; and 
if we move our finger from east to west horizontally 
over the same surface we find that its horizontal 



Digitized by VjOOQ IC 



PRJSMS AND CTLINDBICAL LENSES 63 

meridian is also curved or convex. And however 
mucli we rotate tlie lens in our fingers we always have 
a north and south convex vertical meridian, and also 
an east and west convex horizontal meridian. 

These two meridians, called respectively the vertical 
and horizontal meridians, are thus at right angles to 
each other and present exactly equal amounts of 
curvature. 

If we regard this lens as representing the convex 
cornea then we may consider the cornea also as 
having vertical and horizontal meridians, each convex 
to the same extent. 

121. If in the cornea these two meridians are not 
equally curved, then we have that error of refraction 
which is called astigmatism, see (127, 128, 129). 

What has been said above (120) in relation to a 
convex lens applies equally to a concave lens. 

122. A cylindrical lens differs from a spherical lens 
in the fact that it has only one of its meridians curved. 

Cylindrical lenses are spoken of as having an axis, 
the meaning of which will be explained further on. 

In order to form an idea of a cylindrical lens 
we wiU take a round cedar pencil, then split it in 
halves where the halves are glued together ; we will 
then cut off from one half of the pencil a piece one 
inch in length. 

If we hold this piece of pencil one inch long in 
front of our eyes so that the glued flat surface is 
towards the face, and the curved surface turned away 
from the face, and if we hold it with the long axis 
(one inch) vertically, then the curved surface may be 
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considered as having a north and south vertical meri- 
dian one inch in lengthy and also an east and west 
horizontal meridian equal to half the circumference of 
the original pencil. 

But only one of the meridians of this piece of 
pencil (or cylindrical + lens as it really is in shape) is 
curved. 

Which of the two meridians will be the curved one 
will entirely depend on the direction of the axis (one 
inch long) of the pencil or cylindrical lens. 

(a) For if, when the long axis is held vertically 
with the glued surface towards our face, we pass 
our finger over the distant surface from north to 
south, or over the vertical meridian, we shall pass it 
over a plane surface ; and hence the vertical meridian 
(corresponding with the direction of the axis of the 
lens) is plane, not convex. 

(b) But if we now pass the finger over the distant 
surface from east to west, that is over the horizontal 
meridian, we shall have passed it over a convex sur- 
face, corresponding to half the circumference of the 
original whole pencil. 

123. Thus with the axis of this cylindrical + lens 
held vertically — 

(a) The vertical meridian is plane non-refracting. 

(b) The horizontal meridian is convex and refract- 
ing. 

Suppose now we hold the long axis of the lens 
horizontally, then — 

(a) The horizontal meridian is plane non-refract- 
ing. 
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(b) The vertical meridian is now the convex and 
refracting one. 

124. Hence this cylindrical lens can be made to 
fulfil two different purposes according as the axis is 
placed vertically or horizontally; and the point to 
remember is that, whichever way it is placed, the 
direction of the axis represents the direction of the 
plane non-refracting meridian; and consequently, 
the meridian which is at right angles to the direction 
of the axis always represents the refracting meridian. 

Hence the necessity for some mark on cylindrical 
lenses whereby we may know the direction of their 
axes. In many boxes of trial lenses the axis or 
direction of the non-refracting meridian is indicated 
by the direction of a strip of ground glass on the 
margin of the lens. 

The use of cylindrical lenses is to correct errors in 
the refraction of one of the meridians of the cornea in 
astigmatism. 

126. For instance, one form of astigmatism, simple 
hypermetropic astigmatism, presents a cornea with a 
vertical meridian of normal refraction, and therefore 
the rgfraction of that vertical meridian does not require 
to be interfered with. 

But the horizontal meridian of such an eye may be 
hypermetropic say to the extent of 2 D., and this 
horizontal meridian requires a + 2 D. lens to bring 
back on to the retina the focus of the horizontal meri- 
dian, and at the same time we must not interfere with 
the vertical meridian, which is normal. 

The remedy for this state of things will be clearly 

5 
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a +2 D. cylindrical lens, placed with its axis (i. e. its 
non-refracting meridian) vertical. 

With the cylindrical lens in that position the 
vertical meridian of the cornea is unaltered, whilst 
the horizontal meridian is supplied with increased 
refracting power to the extent of + 2 D. 

Had we used a +2 D. spherical lens we should have 
altered the refraction of both vertical and horizontal 
meridians of the cornea and have done no good; 
because at tlje same time that the sphere was correct- 
ing the faulty horizontal meridian of the cornea, it 
would necessarily create an error in that vertical 
meridian of the cornea which had previously been an 
emmetropic meridian; and thus we should have 
changed a faulty horizontal meridian into a faulty 
vertical one. 

All the above remarks touching cylindrical plus 
lenses of course apply equally to cylindrical minus 
lenses ; and the main point to remember is : 

(1) If the axis is vertical, the horizontal meridian 
is refracting. 

(2) If the axis is horizontal, the vertical meridian is 
refracting. 

126. Cylindrical lenses are numbered in the same 
way as spherical lenses, according to the refracting 
power of their one refracting meridian. 

Thus cylindrical lenses of +1 D., +2 D., +3 D., 
&c., or —1 D., —2 D., —3 D., &c., would mean that 
the one refracting meridian which they possess, 
whether it was convex or concave, is of the power of 
a spherical lens of 1, 2, 3, &c., dioptres. 
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CHAPTER IX 



ASTIGMATISM 



127. When we say that an eye is the subject of 
astigmatism we mean that the vertical and the hori- 
zontal meridians of that eye refract nneqnally. 

This error of refraction may exist : 

(a) In one meridian only. 

(b) In both meridians. 

128. When only one meridian has faulty refraction, 
the other meridian being emmetropic, we then have a 
case of simple astigmatism. 

129. When both meridians have faulty refraction we 
then have either : 

(a) Compound astigmatism or 

(b) Mixed astigmatism. 

130. It will help us towards gathering a good idea 
of the different forms of astigmatism if we take it as 
a fact: 

(a) That the vertical meridian of the cornea is 
naturally more convex than is the horizontal meridian, 
and therefore : 

(b) In all the forms of astigmatism the focus of 
those rays which are refracted by the vertical meridian 
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is always more anterior (t. e. nearer to the cornea) 
than is the focus of those rays which are refracted by 
the horizontal meridian {vide 131). 

Let us cut in halves lengthwise an ordinary shaped 
pear, i. e. one whose length is greater than its breadth. 
Then let us hold one half in front of our eyes, with 
the long axis horizontal : the cut flat surfcwje towards 
us, and the round surface turned away from us. 

Then we may think of the round surface of the pear 
as giving us roughly the shape of the meridians of the 
cornea. 

For if we pass one finger downwards over the 
round front surface of the pear {i. e. from north to 
south as it were) we shall pass it over the vertical and 
more convex meridian of the pear (or cornea) ; and if 
we pass the finger horizontally from one end of the 
pear to the other (i, e. from east to west as it were) 
we shall pass it over the horizontal and less convex 
meridian of the pear (or cornea). 

This increased convexity of the vertical meridian 
will help us to understand why in most of the various 
kinds of astigmatism the focus of those rays which 
are refracted by the vertical meridian is nearer to the 
cornea than is the focus of those rays which are 
refracted by the horizontal meridian. 

131. It is not absolutely correct to say that in all 
cases of astigmatism the vertical rays are focussed in 
front of the point at which the horizontal rays come 
to a focus, for the reverse of this is sometimes the 
case, but by accepting the statement that the vertical 
meridian is the most convex and therefore has its 
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focus, more anterior than is the focus of the horizontal 
meridian, we are able more easily to get a fixed idea 
of the varying errors in the several kinds of astig- 
matism. 

So that while we remember the comparison of the 
curves of the meridians of the pear when lying, as it 
usually does, on its side, thus presenting a more convex 
vertical meridian, yet we must also remember that 
a pear can be placed so as to rest upon its end, in which 
position its vertical meridian will no longer be the most 
convex. 

In applying this to astigmatism we argue that 
just as a pear usiuilly lies on its side with its vertical 
meridian most convex, so in cases of astigmatism do 
we usually find that the vertical meridian of the 
cornea is the most convex, and therefore has its focus 
anterior to the focus of the horizontal meridian ; but 
that, inasmuch as a pear can stand on its end, and in 
this position would have its horizontal meridian most 
convex, so also an astigmatic eye may also have its 
horizontal meridian most convex, with the necessary 
result that in this case the focus of the horizontal 
rays would be anterior to the focus of the vertical 
rays. 

132. There are then five varieties of astigmatism : 

(1) Simple myopic astigmatism. 

(2) Simple hypermetropic astigmatism. 

(3) Compound myopic astigmatism. 

(4) Compound hypermetropic astigmatism. 

(5) Mixed astigmatism. 

133. In simple astigmatism, whether simple myopic 
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or simple hypermetropic, only one meridian has an 
error of its refraction, 

134. In compound astigmatism, whether compound 
myopic or compound hypermetropic, both meridians 
have errors : 

(a) Either both are myopic, but in different degrees, 
then we have compound myopic astigmatism. 

(b) Both being hypermetropic, but in different 
degrees, then we have compound hypermetropic 
astigmatism. 

135. In mixed astigmatism both meridians have 
errors of refraction, one meridian being myopic and 
the other being hypermetropic. 

We will at present discuss only the simple forms of 
astigmatism; and we will assume that for their diagnosis 
and treatment we only use the usual trial lenses with the 
astigmatic clock and the usual test types ; ignoring 
the valuable assistance of the ophthalmoscope. 



Simple Myopic Astigmatism. 

136. This being simple, as we have only one meridian 
in error (133), the other meridian being emmetropic. 
And the name of simple myopic astigmatism would 
lead us to suppose that the faulty meridian was erring 
in the direction of myopia. 

This is just the case. 

Therefore in simple myopic astigmatism we 
have one meridian myopic and the other meridian 
emmetropic. 
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Whicli meridian then do we expect would err in the 
direction of myopia ? 

Cleariy the vertical meridian, because : 

(a) Myopia is always associated with the idea of 
too much convexity of the refracting media. 

(b) The vertical meridian, being naturally more 
convex than the horizontal, is that meridian which we 
should expect would assume a condition of too great 
convexity. 

Hence, in simple myopic astigmatism we find : 

(1) The vertical meridian myopic. 

(2) The horizontal meridian emmetropic (Fig. 26). 

Fia. 26. — SiMPLs Myopic Astigmatism. 



V.= Myopic focus of vertical meridian. 

H.= Emmetropic focus of horizontal meridian. 

Simple Hypermetropic Astigmatism. 

137. This also being simple astigmatism we have 
again one meridian in error, the other being emme- 
tropic. 

And its name would lead us to suppose that the 
faulty meridian was erring in the direction of hyper- 
metropia. 
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This is the case. 

So in simple hypermetropic astigmatism one meridian 
is hypermetropic, the other is emmetropic. 

Which meridian then do we expect would err in the 
direction of hypermetropia ? 

Clearly the horizontal meridian, because : 

(a) Hypermetropia is associated vdth the idea o£ 
too little convexity of the refracting media. 

(b) The horizontal meridian, being naturally less 
convex than the vertical meridian, is that meridian 
which we should expect would assume a condition of 
too little convexity. 

Hence, in simple hypermetropic astigmatism we 
find: 

(1) The vertical meridian is emmetropic. 

(2) The horizontal meridian is hypermetropic (Fig. 
27). 

Fig. 27.— Simflb Htfbbmbtbopio AsTiaMATiBM. 



y.= Emmetropic focus of vertical meridian. 
H.= Hypermetropic focus of horizontal meridian. 

138. Here it may be as well to mention that al- 
though we talk of the two faulty meridians of the 
cornea as being the vertical and horizontal meridians. 
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yet we mnst remember that they are seldom situated 
exactly according to their names. Bat the point to 
remember in connection with them is that, however 
they may deviate respectively from the direction 
which their name would imply, yet they are always at 
right angles to each other in all cases of astigmatism. 
How the exact directions of the meridians can be 
arrived at will be explained further on. 
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CHAPTER X 

COMPOUND ASTIGMATISM 

We have said before (134) that there are two kinds 
of componnd astigmatism : 

(1) Compound myopic astigmatism. 

(2) Compound hypermetropic astigmatism. 

And also (134) that in all cases of compound astig- 
matism both meridians are faulty in their refraction. 
We will first consider : 

Compound Myopic Astigmatism. 

139. This being compound astigmatism^ both meri- 
dians are in error ; and its name^ compound myopic 
astigmatism^ might lead us to suppose that both the 
faulty meridians erred in the direction of myopia. 

This is just what they do in compound myopic astig- 
matism^ for in this error of refraction both meridians 
are myopic. 

But these myopic meridians must be myopic in 
different degrees ; for if both were myopic to the sam^ 
extent we should have myopia pure and simple without 
any astigmatism. 
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Therefore, in compound myopic astigmatism one 
meridian must be more myopic than the other. 

Hence it is a kind of irregular myopia, but differing 
from it by the fact that one meridian is more myopic 
than the other. 

And which of the two meridians should we expect to 
be the most myopic ? 

Clearly the vertical meridian. 

Because, since the term myopia always conveys an 
idea of too great convexity, and since the vertical is 
naturally more convex than the horizontal meridian, 
the vertical starts in front of its fellow meridian (hori- 
zontal) in the race for the joint development of the 
myopic astigmatism. 

It is only reasonable, therefore, to expect, when 
both meridians have arrived at the condition of myopia, 
that the most myopic meridian would be that one 

Fig. 28. — Compound Myopio Astigmatism. 



V.= Myopic focus of vertical meridian. 
H.» Myopic focus of horizontal meridian. 

which, by reason of its greater comparative convexity, 
started with a tendency to myopia. 

140. Therefore, in compound myopic astigmatism 
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we have both meridians myopic, and of the two the 
vertical is the most myopic. 

Compound Hypermetropic Astigmatism. 

141. This being compound astigmatism, both meri- 
dians are in error, and its name, compound hyper- 
metropic astigmatism, might lead us to suppose that 
both the faulty meridians erred in the direction of 
hypermetropia. 

This is just what they do in compound hyperme- 
tropic astigmatism, for in this error of refraction both 
meridians are hypermetropic. 

J^jUd just as in compound myopic astigmatism both 
meridians are myopic, so in this compound hyper- 
metropic astigmatism both meridians are hyperme- 
tropic, but in different degrees, or else we should have 
pure and simple hypermetropia without any astig- 
matism. 

142. Therefore, in compound hypermetropic astig- 
matism, one meridian is more hypermetropic than the 
other, and hence, just as compound myopic astigmatism 
was said to be an irregular form of myopia (139), so 
compound hypermetropic astigmatism may be consi- 
dered as an irregular form of hypermetropia, but 
differing from pure hypermetropia by the fact that one 
meridian is more hypermetropic than the other. 

And which of the two meridians should we expect to 
be the most hypermetropic ? 

The horizontal meridian, of course ; because since 
the term hypermetropia always conveys an idea of 
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deficiency in refractive power, that is an idea of flatness 
of the refracting media, and since the horizontal is 
naturally flatter than the vertical meridian, it follows 
that the horizontal meridian has the start, so to say, 
over its fellow meridian in the race for the joint 
development of the hypermetropia which they are both 
afflicted with in this compound hypermetropic astig- 
matism. 

It is only reasonable, therefore, to expect, when both 
meridians have arrived at the condition of hyper- 
metropia, that the moat hypermetropic meridian should 
be that meridian which, by reason of its greater com- 
parative flatness, started Vjdth a tendency to hyper- 
metropia. 

143. Therefore, in compound hypermetropic astig- 

Fie. 29.— CoMPorND Hyfesmetbopio Astigmatism. 



V.= Hypermetropic focns of vertical meridian. 
H.= Hypermetropic focus of horizontal meridian. 

matism we have both meridians hypermetropic, and of 
the two the horizontal is the most hypermetropic. 

144. In mixed astigmatism we have both meridians 
at fault in their refraction, but each in a different direc- 
tion, for the vertical, naturally curved meridian has 
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become more curved, i, e, more myopic ; and the hori- 
zontal, naturally flat meridian has become more flat, t. e. 
more hypermetropic, as explained by Fig. 30. 

Fig. 80.— Mizbd Astigmatism. 



V.= Myopic focus of vertical meridian. 

H.«« Hypermetropic focus of horizontal meridian. 
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CHAPTER XI 

SIMPLE MYOPIC ASTIGMATISM 

The diagnosis and treatment of simple astigmatism^ 
whether myopic or hypermetropic, is easy when once 
om* suspicion of the existence of astigmatism has been 
aroused. 

146. We are led to suspect the presence of astig- 
matism when (supposing that there is no evidence of 
organic deep-seated mischief in the eye) we are unable, 
by any trial lenses, to effect anything more than a trivial 
improvement of distant vision ; or when, as sometimes 
happens, a -I- lens seems to improve the distant vision 
almost as much as a — lens. 

146. Suspecting then the presence of astigmatism, 
we place the patient at a distance of 6 metres from 
the ordinary distant test type and at the same distance 
from the astigmatic clock, and the direction of the 
most distinct lines on the clock face will point out the 
direction of the most erroneous meridian, and conse- 
quently the meridian which is at right angles to the 
most erroneous one will be the hast erroneous 
meridian. 

With the test type we find, say : 
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With the clock we find : 

Vertical lines (from 12 o'clock to 6 o'clock) dis- 
tinct. 

Horizontal lines indistinct. 
Prom this we learn : 

(1) That the vertical meridian is ametropic. 

(2) That the horizontal meridian is emmetropic ; 
or, at all events, that the vertical meridian which shows 
the most distinct lines deviates more from emmetropia 
than does the horizontal. 

We now fix in the trial frame a stenopaic slit, which 
is a wooden or metallic disc with an oblong slit in it 
of about 2 mm. breadth. 

Of course when the slit is vertical then rays of 
light can pass only through the vertical meridian of 
the cornea ; and when the slit is horizontal then rays 
of light can pass only through the horizontal meridian 
of the cornea. 

We now gently rotate the disc until we bring it 
into such a position as gives the best distant vision 
of the test types. 

147. The direction of the slit when the best distant 
vision is obtained will point out the direction, of the 
most emmetropic meridian. We will suppose this to 
be the horizontal meridian. 

148. With the slit then in the horizontal position 
we note whether the vision is normal, for if Y. = ^, 
and it is not impaired when a low + sphere is placed 
before it, then we know that the horizontal meridian 
is emmetropic. 

Having proved the horizontal meridian to be 
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emmetropic we now rotate the disc so as to bring tlie 
slit into the vertical position, thereby bringing the 
vertical meridian to the test, and if it does not eqaal 
f we then know that the vertical meridian is 
erroneous and we proceed to correct it, first noting 
its vision for the distant type and for the clock face. 
Suppose we find, say : 

(1) V. = ^. 

(2) Vertical lines of the clock are dark. 

(3) Horizontal lines of the clock are indistinct. 

Then, since the horizontal meridian is emme- 
tropic, as shown by 148, and confirmed by the indis- 
tinctness of the horizontal lines, and since the 
vertical meridian is erroneous, as shown by V. = ^ 
and by the distinct vertical lines on the clock, our 
opinion will be that we are dealing with a case of 
simple astigmatism with an erroneous vertical 
meridian. ... ,,.^ ,;^,vj^ , ^r^ ,, ,. 

We now piNS^ceed to correct the vertical meridian, 
and keeping the slit vertically in tjie -direction of 
the erroneous meridian we place a cpiivex sphere, say 
+ 1 D., in fro^t of it with the result that now : 

(1) V. = ^ instead of -j^, so vision has been made 
worse. 

(2) Vertical lines still more distinct. 

The + sphere, therefore, has rendered matters 
worse. 

We therefore try a — sphere, say — 1 D., with the 
slit still vertical, and we find : 

(1) V. = f instead of -3%^, so the lens has improved 
vision. 

6 
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(2) Vertical and horizontal lines are about equally 
indistinct^ the vertical having become less distinct and 
the horizontal more so. 

We now try a — 2 D. sphere and find : 

(1) V. = f, i, e. is correct. 

(2) Vertical and horizontal lines are all equally 
distinct. 

Thus, a — 2 D. sphere, acting through the vertical 
slit, has corrected the vertical meridian, and conse- 
quently a — 2 D. cylinder with axis horizontal will 
correct this meridian. "We have thus proved that the 
vartical meridian is myopic — 2 D., and as the hori- 
zontal meridian was emmetropic, we have been dealing 
with a case of simple myopic astigmatism with the 
vertical meridian in front of the horizontal (Pig. 31). 

Fio. dl.^SiMFLE Mtofio Astiomatism. 



It will be observed that the principle on which we 
have proceeded has been to find out the least erroneous 
meridian, and, if necessary, proceed to correct it, but 
if we find it emmetropic we then test the meridian 
which is at right angles to the emmetropic one. And 
if astigmatism exists this meridian must be erroneous ; 
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and we are dealing with a case of simple astigmatism^ 
but whether it is simple myopic or simple hyper- 
metropic is of course decided by noting that lens 
which, acting on the erroneous meridian, renders 
vision normal. 

149. Hence our rules will be : 

(1) By means of the slit find out the least erroneous 
meridian, and if vision is not normal then proceed to 
correct the meridian by means of + or — sphere's. 

(2) Note the number of dioptres of the correcting 
sphere. 

(3) Botate the slit so as to place its direction at 
right angles to the least erroneous meridian ; conse- 
quently the slit will now be in the direction of the 
most erroneous meridian ; then proceed to correct this 
tneridian by means of + or — spheres. 

(4) Always commence the correction of any erro- 
neous meridian by using + spheres, and these failing 
to improve vision, then proceed to use — spheres. 
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CHAPTER XII 

SIMPLE HYPEEMETBOPIC ASTIGMATISM 

160. Suspecting astigmatism^ for the reasons given 
in Section 145^ we proceed as in Section 146^ and 
test the eye with test type, and find, say : 

v. = ^. 

With the clock we find : 

Vertical lines indistinct. 

Horizontal (9 o'clock to 3 o'clock) distinct. 

From this we learn : 

(1) That the vertical meridian is emmetropic. 

(2) That the horizontal meridian is in error; the 
distinct lines showing that it deviates more from 
emmetropia than does the vertical meridian. 

Now fix the stenopaic slit and rotate it so as to 
bring it into such a position as gives the most distinct 
vision of the distant test type. 

151. The direction of the slit will point out the 
direction of the most emmetropic meridian. "We will 
suppose this to be the vertical one. 

We therefore fix the slit in a vertical position and 
note whether vision is normal; for if V. = f, and 
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it is not impaired wlien a low + sphere is placed 
before it, then we know that the vertical meridian is 
emmetropic. 

Having proved the vertical meridian to be emme- 
tropic, we then proceed to test the horizontal by 
bringing the slit into a horizontal position. 

Suppose we find, with the slit horizontal : 

(1) Y.^^. 

(2) Vertical lines of clock indistinct. 

(3) Horizontal dark. 

Then, since the vertical meridian is emmetropic, as 
shown by V=|- and confirmed by the indistinctness 
of the vertical lines, and since the horizontal meri- 
dian is erroneous, as shown by V. «= ^ and by the 
dark horizontal lines on the clock, our opinion will 
be that we have before us a case of simple astigma- 
tism with an erroneous horizontal meridian. 

We now proceed to correct this erroneous hori- 
zontal meridian. Keeping the slit then in the direction 
of the horizontal meridian we place a convex sphere, 
say + 1 D., in front of it, with the result that : 

(1) V. = -j^, so the lens has improved vision. 

(2) Vertical lines less indistinct. 

(3) Horizontal Unes less dark and distinct. 

We now, since a + 1 D. sphere improved vision, 
try a -h 2 D. sphere, and find : 

(1) V. = f , I. e. is correct. 

(2) Vertical and horizontal lines are all equally 
distinct. 

Thus a -h 2 D. sphere acting through the hori- 
zontal slit has corrected the horizontal meridian, and 
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consequently a + 2 D. cylinder axis vertical will 
correct the horizontal meridian. 

We have now proved that the horizontal meridian 
is hypermetropic + 2 D., and as the vertical was 
emmetropic we have been dealing with a case of 
simple hypermetropic astigmatism with the focus of 
the horizontal meridian behind that of the vertical 
(Fig. 32). 

Fig. 32.— Simple Hyfebmbtbopio AsTiaMATisM. 
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CHAPTER XIII 

COMPOUND MYOPIC ASTIGMATISM 

152. Suspecting the presence of astigmatism^ for 
reasons given in Section 146, with the test type we 
find: 

V. = ^, badly. 

With the clock: 

Vertical lines dark and distinct. 

Horizontal indistinct. 

From this we learn : 

(1) That the vertical meridian is erroneous. 

(2) That the horizontal meridian is emmetropic, or 
all events that the vertical meridian which shows the 
most distinct lines, deviates more from emmetropia 
than does the horizontal meridian. 

With the slit horizontal V. = ^. 

With the slit vertical V. = ^. 

Therefore, this again tells us that the horizontal 
meridian is the hast erroneous of the two; and 
therefore that the meridian at right angles to it, 
viz. the vertical, is the most erroneous. 

Then fixing the slit horizontally we proceed to 
correct the horizontal least erroneous meridian. 

We find that with the slit horizontal : 
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Y. = ^. 

We then try a + 1 D. sphere, and find : 
V. = ■^, t. e. the error is made worse. 
So we try a — 1 D. sphere, and with it : 

(1) V. = f 

(2) Vertical and horizontal lines are all fairly dis- 
tinct. 

With a — 2 D. sphere, we find : 

(1) V. = f 

(2) All lines of the clock eqnally distinct and clear. 

Therefore a — 2 D. sphere has corrected the hori- 
zontal meridian, which consequently had — 2 D. of 
myopia. 

Then fixing the slit vertically (in the direction of 
the most erroneous meridian) we find : 

(1) V. = ^. 

(2) Vertical lines darkest and most distinct. 

(3) Horizontal lines indistinct. 

Keeping the slit vertically we proceed to correct 
the vertical meridian. 

We place a + 1 D. sphere in the frame and find 
that no type is visible. Therefore the + leus has 
made vision worse. 

Consequently we fix — 1 D., and find now : 

(1) V. = ^, i.e. vision is improved. 

(2) Vertical lines dark and distinct. 
Horizontal less indistinct. 

We change now to — 2 D. sphere, and find : 

(1) V. = -3%-, i. e. still more improved. 

(2) Vertical lines dark and distinct. 
Horizontal lines still less indistinct. 
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A — 3 sphere effects still further improvement, for 
with it : 

(1) V. = f 

(2) Vertical and horizontal lines are all fairly dis- 
tinct. 

And a — 4 D. sphere makes : 

(1) V. = f 

153. Vertical and horizontal lines all clear and 
distinct. Therefore a — 4 D. sphere has corrected 
the vertical meridian, which consequently had — 4 D. 
of myopia; and we have seen that the horizontal 
meridian had — 2 D. of myopia. 

Therefore, both meridians being myopic, we have 

Fia. 33.^CoMFOVND Mtofio Astigmatism. 



been dealing with a case of compound myopic astig- 
matism with : 

Vertical meridian = — 4 D. 

Horizontal meridian = — 2 D. 

Which would be written thus, supposing that the 
right eye has been tested : 

-4D. 



E. 



.^2D. 
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The cross lines representing the two meridians. 

And supposing that the amounts of error in the two 
meridians remained the same after that we had para- 
lysed the accommodation with atropine^ we should 
correct the errors as follows : we should correct the 
least erring meridian with a sphere^ and the other 
with a cylinder j therefore in this case our correction 
would be — 2 D. sphere O* —2D. cylinder axis 
horizontal. 

It is evident that the —2D. sphere fully corrects 
the horizontal meridian, and also will at the same 
time correct 2 D. out of the 4 D. of the myopia of 
the vertical, leaving only 2 dioptres (instead of 4 D.) 
of the vertical to be corrected by the cylinder. 

A little consideration will show why in such a case 
we should fail to materially improve vision by the 
spheres alone. 

For a — 2 D. sphere would fully correct the hori- 
tal, and would partially correct the vertical. 

A — 3 D. sphere would still further improve the 
vertical meridian, but would have over corrected the 
horizontal myopic meridian so that it would have 
become hypermetropic + 1 D. 

A — 4 D. sphere would have fully corrected the 
vertical meridian, but would have increased the over 
correction of the horizontal meridian which would 
have become hypermetropic + 2 D. 

* O means combined with. 



Digitized by VjOOQ IC 



COMPOUND HTPBBMETROPIC ASTIGMATISM 91 



CHAPTER XIV 

C0MP0X7ND HTPEBMETBOPIC ASTIGMATISM 

154. Suspecting the presence of astigmatism^ for 
reasons given in Section 146, with the test type we 
find: 

(1) V=^. 
With the clock : 

(2) Vertical lines indistinct. 
Horizontal somewhat darker. 

From this we learn that the horizontal meridian 
which shows the most distinct lines deviates more 
from emmetropia than does the vertical meridian. 

With the slit vertical, V. = -j^. 

With the slit horizontal, V. = •^, badly. 

Clearly, then, the vertical meridian is the least 
in error and therefore the horizontal is the most 
erroneous. 

Then fixing the slit vertically we proceed to correct 
the vertical least erroneous meridian. We find : 

(1) v. = vk. 

(2) Vertical lines dark and distinct. 

(3) Horizontal lines indistinct. 
With a + 1 D. sphere we find : 
(1) D. = VV. 



Digitized by VjOOQ IC 



92 REFRACTION 

(2) Tertical lines dark. 

(3) Horizontal getting darker. 

Therefore a + 1 D. sphere improves vision, so we 
try a + 2 sphere and we find : 

(1) V = f 

(2) Vertical and horizontal lines equally clear and 
distinct. 

Therefore a + 2 D. sphere has corrected the vertical 
meridian, which consequently had + 2 D. of hyper- 
metropia. 

Then fixing the slit horizontally we find : 

(1) V = Abadly. 

(2) Vertical lines almost invisible. 

(3) Horizontal lines dark. 

Keeping the slit horizontal, we proceed to correct 
the horizontal meridian. 

We place a + 1 D. sphere in the trial frame and 
find : 

(1) v = A. 

(2) Vertical lines less indistinct. 

(3) Horizontal lines dark. 
"With a + 3 D. sphere we find : 

(1) V.=.f 

(2) Vertical lines becoming darker. 
(8) Horizontal lines still dark. 

Therefore the + 3 D. sphere has improved vision. 
With a + 4 D. sphere we find : 
(l)V = f 

(2) Vertical and horizontal lines clear and distinct. 

155. Therefore a + 4 D. sphere has corrected tbe 

horizontal meridian, which consequently had + 4 D. of 
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hypermetropia ; and we have seen tliat the vertical 
meridian had + 2 D. of hypermetropia, and therefore, 
since both the meridians are hypermetropic, we have 

Fia. 34.— COMFOUND HTFEBMETBOPIO ASTiaMATIBM. 



been correcting a case of compound hypermetropic 
astigmatism with : 

Vertical meridian si* + 2 D. 

Horizontal meridian = + 4 D. 

Which would be written thus, supposing that the 
right eye has been tested : 

+2D. 



E. 



+4D. 



The cross lines representing the meridians. 

And supposing that the amount of error in the two 
meridians remained the same after that we had paralysed 
the accommodation with atropine, we should correct the 
errors as follows ; we should correct the least erroneous 
meridian by a sphere and the other by a cylinder, and 
therefore, in this case, the correction would be + 2 D. 
sphere c:> + 2 D. cylinder axis vertical. 

It is evident that the + 2 D. sphere will fully correct 
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the vertical meridian^ and also will at the same time 
correct 2 D. out of the 4 D. of the hypermetropia of 
the horizontal meridian^ leaving only 2 dioptres (instead 
of 4 D.) of the horizontal to be corrected by the 
cylinder. 

It is evident also that no sphere alone would have 
materially improved vision, because the two meridians 
require unequal corrections, but a sphere of course 
would alter a]l meridians to an equal extent. 
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CHAPTER XV 



MIXED ASTIGMATISM 



166. We have hitherto dealt with cases of astig- 
matism in which one meridian has been more erroneous 
than the other. We will now consider a case of mixed 
astigmatism in which the two meridians may be equally 
fcbulty, one being myopic and the other hypermetropic. 
Of course, if they were either equally myopic or 
equally hypermetropic, we should not have any astig- 
matism, but the case would be one of ordinary myopia 
or ordinary hypermetropia. 

Suppose the vertical meridian is myopic — 2 D., 

Fig. 35.— Mixbd Astigmatism. 



and the horizontal meridian hypermetropic + 2 D., 
in such a case vision would be equally faulty whether 
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the yertical or the horizontal meridian is tested^ and 
therefore we cannot follow out our plan of correcting 
the least faulty meridian firsts inasmuch as the errors 
in each are of the same degree. It remains therefore 
in such a case to select one meridian and correct that 
one^ doing the same afterwards with the other 
meridian. 

We will first take the vertical meridian, placing the 
slit vertically, and fixing + 1 D* sphere in the frame 
we find : 

"With + 2 D. letters are hardly visible. Therefore a 
+ lens makes vision worse. 
With — ID. sphere we find : 

(l)V. = f 

(2) Vertical and horizontal lines are fairly dark ; 
horizontal the darker. 

With —2D. sphere we find : 

(l)V. = f 

(2) Vertical and horizontal lines all equally distinct. 

Therefore the vertical meridian is corrected by 
— 2D. sphere. 

Now place the slit horizontally and we find that 
+ 1 D. sphere improves the vision and that + 2 D. 
sphere renders : 

(1) V. = f , 

(2) Vertical and horizontal lines equally clear and 
distinct. 

Thus the vertical meridian is corredted by a —2D. 
sphere and the horizontal by a + 2 D. sphere. 

157. One meridian, therefore, has — 2 D. of myopia 
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and the other -f 2 D. of hypermetropia, and we have 
heen correcting a case of mixed astigmatism with : 

Vertical meridian = —2D. 

Horizontal meridian = + 2 D. 

Which would be written thus, supposing that the 
right eye has been tested : 

-2D. 



E. 



- + 2D. 



The cross lines representing the meridians. 

And if, when under the influence of atropine, the 
meridians still showed the same amount of error, and 
if we followed our usual plan, we should correct the 
least erroneous meridian by a sphere and the other by 
a cylinder. But in this case the meridians are equally 
erroneous. 

Therefore it will serve to illustrate another rule, viz. : 

168. If possible order a — cylinder to be ground on 
to a + sphere, rather than a + cylinder to be ground 
on to a — sphere. 

Therefore our prescription for the optician would be 
+ 2 D. sphere c:^ — 4 D. cylinder axis horizontal. 

It is al^QOst self-evident why it was that no sphere 
alone was found to improve vision to any extent, 
because in the same proportion as a + sphere improved 
the horizontal meridian, just in the same degree did it 
make the vertical more erroneous ; and with a — sphere 
the vertical was improved at the expense of the hori- 
zontal. 
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Accommodation at different ages, 80, 81 

— cause of loss of, in presbyopia, 88 — 90 

— definition, 38 

— in hypermetropia, 71, 72, 76 — 80 

— in myopia, 51, 56 

— loss of, in presbyopia, 88, 92 
defective, 52 

objections to its use in, 63 

— reserve of, 83 
Acquired hypermetropia, 94 
Acuteness of vision, 108 

Ages, accommodation at different, 81 
Ametropia, definition, 85 
Angle, visual, 109 

in emmetropia, 113 

in hypermetropia, 112, 113 

in myopia, 112, 113 

Astigmatism, 121, 127, 130 

— compound, 129 

hypermetropic, 132, 134, 141—143 

myopic, 132, 134, 139, 140 

— direction of the faulty meridians in, 138 

— mixed, 129, 132, 135, 143 

— simple, 128 

hypermetropic, 132, 133, 137 

myopic, 132, 133, 136 

— symptoms of, 145 

Axes of cylindrical lenses, 122, 123 
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Biconcaye lenses, 7 

why they diminish size of object, 115, 116 

Biconvex lenses, 7 

why they magnify, 115 

Ciliary muscle, spasm of, in hypermetropia, 76 

Conjugate foci, 29, 30 

Converging rays from object beyond focal distance of lens- 

24,28 
Cylindrical lenses, 120—122 

their axes, 122, 123 

their numbering, 126 

their use, 124 

Dioptric system, explanation of, 13 — 21 

— unit of calculation, 12 
Distant object, 5 

Diverging rays from near object, 2 

from object within focal distance of lens, 25, 31 

Emmetropia, definition, 33, 34 

Far point in emmetropia, 47 

— in hypermetropia, 102 

— in myopia, 48 

— of distinct vision, 43 
Focal distance, 15 

— how to find, 15, 21 
Focus, principal, 9 

— virtual, 17 

Hypermetropia, accommodation in, 71, 72 

— acquired, 94 

— causes of this error of refraction, 69 

— definition, 37, 70 

— influence of health on, 84 

— its influence on presbyopia, 99 

— latent, 75 
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Hypermetropia, manifest, 72, 73 

— remedy for 71, 85, 86 

— spasm of ciliary muscle in, 76 

— total, 75 

Latent hypermetropia, 75 

Lenses, biconcave, 7, 120 

why they diminish size of objects, 115, 116 

— biconvex, 7, 119, 120 
why they magnify, 115 

— cylindrical, their numbering, 126 
their use, 124 

— minus, 7 

— plus, 7 

— spherical, 7 

Manifest hypermetropia, 72, 73 
Measurement of amount of hjrpermetropia, 53 

— of amount of myopia, 53 — 55 
Meridian of cylindrical lenses, 122 

— of spherical lenses, 120 
Metre, 1 

Minus lenses, 7 

Myopia, causes of this error of refraction, 39 

— definition, 36, 40 

— far point of vision in, 42 

— its influence on presbyopia, 103, 104 

— measurement of amount of, 53 

— near point of vision in, 49, 50 

— objections to use of accommodation in, 63 

— over-correction in, 56 

— remedy for, 56, 60, 64—68 

Near object, 6 

— point of distinct vision, 45, 46 
in myopia, 49, 50 

Nodal point, 109 

— its position in myopia, 113 
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Nodal point, its position in hypermetropia, 112 

Object at fok^al distance of lens, 23, 26 

— beyond focal distance of lens, 24 

— distant, 5 

— near, 6 

— within focal distance of lens, 25 
Over-correction in myopia, 56, 58 
how proved, 59 

to be avoided, 52, 63 

Parallel rays, 1 

— from object at focal distance of lens, 23 
Plus lenses, 7 

Point, nodal, 109 

Presbyopia, age at which it commences, 89 

— as modified by hypermetropia, 99 
myopia, 102 

— definition of, 87, 106 

— its correction for special occupations, 96 
in hypermetropia, 101 

in myopia, 103 

— its early advent in hypermetropia, 99, 104 

— its late advent in myopia, 104 

— symptoms of, 96 

— table for its correction, 105 

— treatment of, 92, 93, 106 
Principal focus, 9 
Prisms, 118—120 
Punctum proximum, 46 

— remotum, 43 

Rays, diverging, 2 

— parallel, 1 

— refracted, 8 

Spasm of ciliary muscle in hypermetropia, 76 
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Spherical lenses, 7 

Total hypermetropia, 75 

Virtual focus, 17, 31 
Yision, acuteness of, 108 

— normal, 110 
Visual angle, 109 

— in emmetropia, 113 

— in hypermetropia, 112, 113 

— in myopia, 112, 113 
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EAR. DISEASES OV—contimied. 

JONES, — A Practical Treatise on Aural Sur- 
gery. By H. Maonauohton Jonbs, M.D., Professor of the Queen's 
University in Ireland, late Surgeon to the Cork Ophthalmic and Aural 
Hospital. Second Editicm. With 63 Engravings. Grown 8vo, 88. 6d. 
By the same Author. 

Atlas of the Diseases of the Membrana 

Tympani. In Coloured Plates, containing 59 Figures. With Ex- 
planatory Text. Crown 4to, 2l8. 



FOBENSIC MEDICINE. 
A BERCROMBIK — The Student's Guide to 

Medical Jurisprudence. By John Abbrcrombib, M.D., Senior 
Assistant to, and Lecturer on Forensic Medicine at, Charing Cross 
Hospital. Fcap 8vo, 7s. 6d. 

OGSTON, — Lectures on Medical Jurisprudence. 

By Francis Ooston, M.D., late Professor of Medical Jurisprudence 
and Medical Logic in the University of Aberdeen. Edited by Frahois 
Ooston, Jun., M.D., late Lecturer on Practical Toxicology in the 
University of Aberdeen. With 12 PUtes. 8vo, 18s. 

TAYLOR,— The Principles and Practice of 

Medical Jurisprudence. By Alfred S. Tatlor, M.D., F.R.S. 
Third Edition, revised by Thomas Stbvbnson, M.D., F.B.C.P., Lec- 
turer on Chemistry and Medical Jurisprudence at Guy's Hospital ; 
Examiner in Chemistry at the Boyal College of Physicians ; Official 
Analyst to the Home Office. With 188 Engravings. 2 Vols. 8vo, 8l8.6d. 
By the same Author. 

A Manual of Medical Jurisprudence. 

Eleventh Edition, revised by Thomas Stevenson, M.D., F.E.C.P. 
With Engravings. Crown 8vo. [Intheprett. 

ALSO, 

On Poisons, in relation to Medical Juris- 
prudence and Medicine. Third Edition. With 104 Engravings. 
Crown 8vo, 16b. 

TIDY AND WOODMAN— K Handy- Book of 

Forensic Medicine and Toxicology. By C. Metmott Tidt, M.B. ; and 
W. Bathurst Woodman, M.D., F.R.C.P. With 8 Lithographic Plates 
and 116 Wood Engravings. 8vo, Sis. 6d. 
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PARKES. — A Manual of Practical Hygiene. 

By Edmund A. Parkbs, M.D., F.B.S. Sixth Edition by F. DeChaumont, 
M.D., F.R.S., Professor of Military Hygiene in the Army Medical 
School. With 9 Plates and 103 Engravings. 8vo, 18s. 

WILSON,— A Handbook of Hygiene and Sani- 
tary Science. By George Wilson, M.A., M.D., F.B.S.E., Medical 
Officer of Health for Mid Warwickshire. Sixth Edition. With En- 
gravings. Crown 8vo. [In the press. 



MATEBIA MEDICA AND THEBAFEUTICS. 
BINZ AND SPARKS,— The Elements of Thera- 

peutics; a Clinical Guide to the Action of Medicines. By C. 
BiNZ, M.D., Professor of Pharmacology in the University of Bonn. 
Translated and Edited with Additions, in conformity with the British 
and American Pharmacopoeias, by Edward I. Sparks, M.A., M.B., 
F.ILC.P. Lond. Crown Svo, 8s. 6d. 

LESCHEM.— Recent Materia Medica. Notes 

on their Origin and Therapeutics. By F. Harwood Lesoher, F.C.S., 
Pereira Medallist. Second Edition. 8vo, 2s. 6d. 

OWEN, — A Manual of Materia Medica; in- 
corporating the Author's " Tables of Materia Medica." By Isambard 
Owen, M.D., F.R.C.P., Lecturer on Materia Medica and Therapeutics 
to St. George's Hospital. Crown Svo, ds. 

BOYLE AND HABLEY.—A Manual of Materia 

Medica and Therapeutics. By J. Forbes Botle, M.D., F.B.S., and 
John Harlbt, M.D., F.B.C.P., Physician to, and Joint Lecturer on 
Clinical Medicine at, St. Thomas's Hospital. Sixth Edition. With 139 
Engravings. Crown Svo, 15s. 

THOBOWGOOD, — The Student's Guide to 

Materia Medica and Therapeutics. By John C. Thorowgood, M.D., 
F.B.C.P., Lecturer on Materia Medica at the Middlesex Hospital. 
Second Edition. With Engravings. Fcap. Svo, 7s. 

WABING,—A Manual of Practical Therapeu- 
tics. By Edward J. Waring, CLE., M.D., F.B.C.P. Fourth Edition, 
revised by the Author and Dudlet W. Buxton, M.D., M.B.C.P. 
Crown Svo. [In the press. 
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MEDICINE. 
BARCLAY. — A Manual of Medical Diagnosis. 

By A. Whytb Barclay, M.D., F.R.C.P., late Physician to, and 
Lecturer on Medicine at, St. George's Hospital. Third Edition. Fcap. 
8vo, 108. 6d. 

CHARTERIS.— The Student's Guide to the 

Practice of Medicine. By Matthew Chabtbris, M.D., Professor of 
Therapeutics and Materia Medica, University of Glasgow ; Physician 
to the Boyal Infirmary. With Engravings on Copper and Wood. 
Fourth Edition. Fcap. 8vo, 9s. 

FAGGE.— The Principles and Practice of Medi- 
cine. By the late C. Hilton Fagoe, M.D., F.ILC.P., Edited by P. H. 
Pye-Smith, M.D., F.R.C.P., Physician to, and Lecturer on Medicine 
at, Guy's Hospital. 2 Vols. 8vo. Cloth, 86s. ; half Persian, 42s. 

FENWICK.— The Student's Guide to Medical 

Diagnosis. By Samuel Fbnwiok, M.D., F.KC.P., Physician to the 
London Hospital. Sixth Edition. With 114 Engravings. Fcap. 8vo, Ts. 

By the same Author. 

The Student's Outlines of Medical Treat- 
ment. Second Edition. Fcap. 8vo, 7s. 

i^L/A^r.— Clinical Medicine : a Systematic Trea- 
tise on the Diagnosis and Treatment of Disease. By Austin Flint, 
M.D., Professor of the Principles and Practice of Medicine, &c., in 
Bellevue Hospital Medical College. 8vo, 20s. 

WARNER.— The Student's Guide to Clinical 

Medicine and Case-Taking. By Francis Warner, M.D., F.E.C.P., 
Assistant-Physician to the London Hospital. Second Edition. Fcap. 
8vo, 58. 

WEST.— Hov/ to Examine the Chest : being a 

Practical Guide for the Use of Students. By Samuel West, M.D., 
F.R.C.P., Physician to the City of London Hospital for Diseases of 
the Chest, &c. With 42 Engravings. Fcap. 8vo, 58. 

WHITTAKER.—Student's Primer on the Urine. 

By J. Travis Whittaker, M.D., ainical Demonstrator at the Boyal 
Infirmary, Glasgow. With Hlustrations, and 16 Plates etched on 
Copper. Post 8vo, 4s. 6d. 
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MIDWIPBBY. 
BARNES, — Lectures on Obstetric Operations, 

inoluding the Treatmeiit of HsBmorrhage, and forming a Guide to the 
Management of DiiBcult Labour. By Bobbbt Barnes, M.D., F.R.C.P. 
Consulting Obstetric Physician to St. George's Hospital. Fourth 
(and cheaper) Edition. With 121 Engravings. 8to, 12s. 6d. 

BURTON,— hiBXi&hook of Midwifery for Mid- 
wives. By JOHN E. Burton, M.R,C.8., L.II.C.P., Surgeon to the 
Liverpool Hospital for Women. Second Edition. With Engrav- 
ings. Fcap 8vo, ds. 

GALABIN.—A Manual of Midwifery. By Alfred 

Lewis Galabin, M.A., M.D., F.B.C.P., Obstetric Physician and 
Lecturer on Midwifery, Ac, to Guy's Hospital, Examiner in Bfld- 
wifery to the Conjoint Examining Board for England. With 227 
Engravings. Crown 8vo, 158. 

RAMSBOTHAM,— The Principles and Practice 

of Obstetric Medicine and Surgery. By Francis H. Ramsbotbam, MJ>., 
formerly Obstetric Physician to the London Hospital. Fifth Edition. 
With 120 Plates, forming one thick handsome volume. 8vo, 22b. 

REYNOLDS. — Notes on Midwifery: specially 

designed to assist the Student in preparing for Examination. By J. J. 
BinroLDB, LJLC.P., M.K.C.S. Fcap. 8vo, 4s. 

ROBERTS.— The Student's Guide to the Practice 

of Midwifery. By D. Lloyd Bobxrts, M.D., F.B.C.P., Lecturer on 
Clinical Midwifery and Diseases of Women at Owen's College, Phy- 
sician to St. Mary's Hospital, Manchester. Third Edition. With 2 
Coloured Plates and 127 Engravings. Fcap. 8vo, 7s. 6d. 

SCHROEDER.—A Manual of Midwifery; includ- 
ing the Pathology of Pregnancy and the Puerperal State. By Karl 
SCHROEl)XR,M.D., Professor of Midwifery in the University of Eflangen. 
Translated by C. H. Carter, M.D. With Engravings. 8vo, 12s. 6d. 

^TF^FiV:^.— Obstetric Aphorisms for the Use of 

students commencing Midwifery Practice. By Joseph G. Swatnk, 
M.D., Lecturer on Midwifery at the Bristol School of Medicine. 
Eighth Edition. With Engravings. Fcap. 8vo, 8s. 6d. 
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MICBOSCOPY. 

CARPENTER.— The yiicToscop^ and its Revela- 
tions. By William B. Carpenter, C.B., M.D., F.B.S. Sixth Edition. 
With about 600 EngraTings. Crown 8vo, 166. 

LEE. — The Microtomist's Vade-Mecum ; a 

Handbook of the Methods of Microscopic Anatomy. By Arthur 
BOLLKS Lee. Crown 8vo, Ss. 6d. 

MARSH. — Microscopical Section-Cutting : a 

Practical Guide to the Preparation and Mounting of Sections for the 
Microscope. By Dr. Stlybster Marsh. Second Edition. With 
17 Engravings. Fcap. 8vo, 8s. 6d. 

MARTIN. — A Manual of Microscopic Mounting. 

By J. H. MARTIN. Second Edition. With Phites and Wood Engravings. 
Svo, 7s. 6d. 



OPHTHALMOLOGY. 
HARTRIDGE.— The Refraction of the Eye- By 

GUSTAYUS Hartridob, F.R.C.S., Assistant Surgeon to the Boyal 
Westminster Ophthalmic Hospital. Second Edition. With 94 Illus- 
trations, Test Types, &c. Crown Svo, 5s. 6d. 

HIGGENS.— Hints on Ophthalmic Out-Patient 

Practice. By Charles Higgens, F.E.C.S., Ophthalmic Surgeon to, 
and Lecturer on Ophthalmology, at, Guy's Hospital. Third Edition. 
Fcap. Svo, 8s. 

JONES. — A Manual of the Principles and 

Practice of Ophthalmic Medicine and Surgery. By T. Wharton Jones, 
F.E.C.S., F.B.S., late Ophthalmic Surgeon and Professor of Ophthalmo- 
logy to University College HospitaL Third Edition. With 9 Coloured 
Plates and 178 Engravings. Fcap. Svo, 12s. 6d. 

MACNAMARA.—A Manual of^ the Diseases of 

the Bye. By Charles Maonamara, F.B.C.S., Surgeon to, and Lecturer 
on Surgery at, tiie Westminster Hospital. Fourth Edition. With 
4 Coloured Plates and 66 Engravings. Crown Svo, 10s. 6d. 

iVA'TTLiJ^^/P.— The Student * s Guide to Disease s 

of the Eye. By Edward Nbttleship, F.B.C.S., Ophthalmic Surgeon 
to, and Lecturer on Ophthalmic Surgery at, St. Thomas's Hospital. 
Third Edition. With 157 Engravings, and a Set of Coloured Papers 
illustrating Colour-blindness. Fcap. Svo, 7s. 6d. 
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OPHTH ALMOLO QtY—contimied. 
TOSSWILL.— Diseases and Injuries of the Eye 

and Eyelids. By Louis H. Tosswill, B.A., M.B. Cantab., M.E.C.S. 
Surgeon to the West of England Eye Infirmary, Exeter. Fcap. 8vo, 
28. 6d. 

WOLFE. — On Diseases and Injuries of the Eye : 

a Course of Systematic and Clinical Lectures to Students and Medical 
Practitioners. By J. E. Wolpb, M.D., F.KC.S.E., Senior Surgeon to 
the Glasgow Ophthalmic Institution, Lecturer on Ophthalmic Medicine 
and Surgery in Anderson's College. With 10 Coloured Plates, and 120 
Wood Engravings, 8vo, 21s. 

PATHOLOGY. 

JONES AND SIEVEKING,—A Manual of Patho- 
logical Anatom By C. Handfield Jonbs, M.B., F.B.S., and Edward 
H. SiBVBKliiQ M.D. , F.R.C.P. Second Edition. Edited, with conslder- 
ahle enlargement, by J. F. Patne, M.B., Assistant-Physician and 
Lecturer on General Pathology at St. Thomas's HospitaL With 195 
Engravings. Crown 8vo, 16s. 

LANCEREAUX.— Atlas of Pathological Ana- 
tomy. By Dr. Lanckrbaux. Translated by W. S. Grbenfikld, M.D., 
Professor of Pathology in the University of Edinburgh. With 
70 Coloured Plates. Imperial 8vo, £5 6s. 

VIRGHOW, — Post- Mortem Examinations : a 

Description and Explanation of the Method of Performing them, 
with especial reference to Medico-Legal Practice. By Professor 
Rudolph Yirchow, Berlin Charity HospitaL Translated by Dr. T. B. 
SMITH. Second Edition, with 4 Plates. Fcap. 8vo, Ss. 64. 



PSYCHOLOGY. 

BUCKNILL AND TUKE,—A Manual of Psycho- 
logical Medicine : containing the Lunacy Laws, Nosology, .etiology, 
Statistics, Description, Diagnosis, Pathology, and Treatment of Insanity, 
with an Appendix of Cases. By John C. Bucknill, M.D., F.B.S., 
and D. Hack Tuke, M.D., F.B.C.P. Fourth Edition with 12 Plates 
(90 Figures). 8vo, 26s. 

CLOUSTON — Clinical Lectures on Mental 

Diseases. By Thomas S. Clouston, M.D., and F.B^C.P. Edin.; Lec- 
turer on Mental Diseases in the University of Edinbuigh. With 
8 Plates (6 Coloured). Crown 8vo, 12s. 6d. 

11, NEW BURLINGTON STREET. 

12 



Digitized by VjOOQ IC 



J, Sf A, Churchill's Medical Class Books, 

PHYSICS. 
DBA PEE.— A Text Book of Medical Physics, 

for the use of Studeats and Practitioners of Medicine. By John 0. 
Draper, M.D., LL.D., Professor of Chemistry and Physics in the 
University of New Yorlc. With 377 Engravings. 8vo, 18s. 



PHYSIOLOGY. 

CARPENTEE,— Principles of Human Physio- 
logy. By William B. Carpenter, C.B., M.D., F.R.S. Ninth Edition. 
Edited hy Henry Power, M.B., r.R.C.S. With 3 Steel Plates and 
377 Wood Engravings. 8vo, 31s. 6d. 

DALTON.—A Treatise on Human Physiology : 

designed for the use of Students and Practitioners of Medicine. By 
John C. Dalton, M.D., Professor of Physiology and Hygiene in the 
College of Physicians and Surgeons, New Yorlc. Seventh Edition. 
With 252 Engravings. B^yal 8vo, 208. 

FEET.— The Histology and Histo-Chemistry of 

Man. A Treatise on the Elements of Composition and Structure of the 
Hunum Body. By Heinrioh Fret, Professor of Medicine in Zurich. 
Translated by Arthur E. Barker, Assistant-Surgeon to the University 
College HospitaL With 008 Engravings. 8vo, 21s. 

PYE-SMITH,— Syllabus of a Course of Lectures 

on Physiology. By Philip H. Pye-Smith, B.A., M.D., F.R.C.P., 
Physician to Ouy's Hospital. With Diagrams, and an Appendix of 
Notes and Tables. Crown 8vo, 6s. 

SANDEESON.— Handbook for the Physiological 

Laboratory : containing an Exposition of the fundamental facts of the 
Science, with explicit Directions for their demonstration. By J. 
BuRDON Sanderson, M.D., F.B.S.; E. Klein, M.D., F.B.S.; Michael 
Foster, M.D., F.R.S., and T. Lauder Brunton, M.D., F.R.S. 2 Vols., 
with 123 Plates. Svo, 248. 

YEO, — A Manual of Physiology for the Use of 

Junior Students of Medicine. By Gerald F. Yeo, M.D., F.E.C.S., 
Professor of Physiology In King's College, London. With 801 Engrav- 
ings. Crown 8vo, 148. 
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SUBGEBY. 

BELLAMY,— Th^ Student's Guide to Surgical 

Anatomy; an Introduction to Operative Snrgery. By Edwabd 
Bbllamt, V.B.C.Sm and Member of the Board of Examiners ; Surgeon 
to, and Lecturer on Anatomy at, Charing Cross Hospital. Third 
Edition. With 80 Engravings. Fcap. 8vo, 7s. 6d. 

BRYANT.— A Manual for the Practice of 

Surgery. By Thomas Bbtant, F.K.C.S., Surgeon to, and Lecturer on 
Surgery at, Guy's Hospital. Fourth Edition. With 760 Illustra- 
tions (many being oolouredX and including 6 Chromo-Lithographic 
Plates. 2 Vols. Crown 8vo, 32s. 

CLARK AND WAGSTAFFE. — Outlines of 

Surgery and Surgical Pathology. By F. Lb Gros Clabk, F.R.C.S., 
F.E.S., Consulting Surgeon to St. Thomas's Hospital. Second Edition. 
BeviBed and expanded by the Author, assisted by W. W. Waostaffe, 
F.B.C.S., Assistant Surgeon to St. Thomas's Hospital. Svo, 10s. 6d. 

DRUITT,— The Surgeon's Vade-Mecum ; a 

Manual of Modem Surgery. By Bobert Druitt, F.B.C.S. Twelfth 
Edition. With many Engravings. Fcap. Svo. [In the prest. 

FERGUSSON—A System of Practical Surgery. 

By Sir William Fkrgusson, Bart., F.B.C.S., F.B.S., late Surgeon and 
Professor of ainical Surgery to King's College Hospital. With 463 
Engravings. Fifth Edition. Svo, 2l8. 

HEATH. — A Manual of Minor Surgery and 

Bandaging, for the use of House-Surgeons, Dressers, and Junior Practi- 
tioners. By Christopher Heath, F.B.C.S., Holme Professor of 
Clinical Surgery in University College and Surgeon to the HospitaL 
Seventh Edition. With 129 Engravings. Fcap. Svo, as. 

By the aame Author. 

A Course of Operative Surgery : with 

Twenty Plates (containing many figures) drawn flrom Nature by 
M. LivElLL^, and Coloured. Second Edition. Large Svo, SOs. 

ALSO, 

The Student's Guide to Surgical Diag- 
nosis. Second Edition. Fcap. Svo, as. 6d. 
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HTTBLQtSBY —continued. 

SOUTHAM,— Regional Surgery : including Sur- 
gical DiagnosiB. A Manual for the use of Students. Bt F&kdbbiok 
A. SoUTHAM, M.A., M.B. Oxon, F.B.C.S., Auistant-Surgeon to the 
Boyal Infirmary, and Auistant-Lecturer on Surgery in the Owen's 
CoUege School of Medicine, Manchester. 
Fart I. The Head and Neck. Crown Svo, 68. 6d. 
„ II. The Upper Extremity and Thorax. Crown 8yo, 7s. 6d. 



TBBMINOLOaY. 
DUNGLISON.— Medical Lexicon : a Dictionary 

of Medical Science, containing a concise Explanation of its various 
Subjects and Terms, with Accentuation, Etymology, Synonyms, &c. 
By BOBBRT DUNQLISON, M.D. New Edition, thoroughly reyised by 
Richard J. Bunglison, M.B. Royal Svo, 28s. 

MAYNE, — A Medical Vocabulary : being an 

Explanation of all Terms and Phrases used in the various Departments 
of Medical Science and Practice, giving their Derivation, Meaning, 
Application, and Pronunciation. By Robert G. Matne, M.D., LL.D., 
and John Matms, M.D., L.R.C.S.E. Fifth Edition. Crown Svo, 
10s. 6d. 

WOMEN, DISEASES OF. 
BARNES,— A Clinical History of the Medical 

and Surgical Diseases of Women. By Robert Barnes, M.D., F.R.C.P., 
Obstetric Physician to, and Lecturer on Diseases of Women, &c., at, St. 
George's Hospital. Second Edition. With 181 Engravings. Svo, 28s. 

COURTY,— Practical Treatise on Diseases of 

the Uterus, Ovaries, and Fallopian Tubes. By Professor Courtt, 
Montpellier. Translated from the Third Edition by his Pupil, Agnes 
M'Laren, M.D., M.K.Q.C.P. With Preface by Dr. Matthews Duncan. 
With 424 Engravings. Svo, 24s. 

DUNCAN. — Clinical Lectures on the Diseases 

of Women. By J. Matthews Duncan, M.D., F.R.C.P., F.R.S.E., 
Obstetric Physician to St. Bartholomew's Hospital. Third Edition. 
Svo. [Inthepreu. 

EMMET. — The Principles and Practice of 

OyniBcology. By Thomas Addis Emmet, M.D., Surgeon to the 
Woman's Hospital of the State of New York. Third Edition. With 
150 Engravings. Royal 8to, 24s. 
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WOMEN, DISEASES OF— continued. 
GALABIK— The Student's Guide to the Dis- 

eases of Women. By Axprbd L. Galabin, M.D., F.R.C.P., Obstetric 
Physician to, and Lecturer on Obstetric Medicine at, Guy's HospitaL 
Third Edition. With 78 Engravings. Fcap. 8vo, 78. 6d. 

REYNOLDS.— Notes on Diseases of Women. 

Specially designed to assist the Student in preparing for Examination. 
By J. J. Bbtnolds, L.R.G.P., M.B.C.S. Second Edition. Fcap. 8vo, 
2s. 6d. 

SAVAGE.— The Surgery of the Female Pelvic 

Organs. By Henrt Sayaoe, M.D., Lond., F.R.C.S., one of the Con- 
sulting Medical Officers of the Samaritan Hospital for Women. Fifth 
Edition, with 17 Lithographic Plates (15 Coloured), and 52 Woodcuts. 
Royal 4to, 35s. 

WEST AND DUNCAN— hectures on the Dis- 
eases of Women. By Charles West, M.D., F.R.C.P. Fourth 
Edition. Revised and in part re-written by the Author, with numerous 
additions by J. Matthews Duncan, M.D., F.R.C.P., F.R.S.E., 
Obstetric Physician to St. Bartholomew's Hospital. Svo, las. 



ZOOLOGY. 

CHAUVEAU AND FLEMING.— The Compara- 
tive Anatomy of the Domesticated Animals. By A. Chauysau, 
Professor at the Lyons Veterinary School; and George Fleming, 
Veterinary Surgeon, Royal Engineers. With 450 Engravings. Svo, 
8U. 6d. 

HUXLEY. — Manual of the Anatomy of Inverte- 

brated Animals. By Thomas H. Huxley, LL.D., F.R.S. With 166 
Engravings. Post Svo, 16s. 

By the same Author. 

Manual of the Anatomy of Vertebrated 

Animals. With 110 Engravings. Post Svo, 12s. 

WILSON— The Student's Guide to Zoology: 

a Manual of the Principles of Zoological Science. By Andrew Wilson, 
Lecturer on Natural History, Edinburgh. With Engravings. Fcap. 
Svo, 68. 6d. 
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